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ABSTRACT	  
	  Phytohormones	  have	   a	   crucial	   role	   in	  plant	  defence	   responses.	  The	   role	  of	   each	   specific	  phytohormone	  is	  contingent	  on	  whether	  the	  pathogen	  is	  a	  bio-­‐	  or	  a	  necrotroph.	  In	  the	  case	  of	   the	   hemibiotrophic	   Pseudomonas	   syringae	   pv	   tomato	   (DC3000)	   and	   the	   model	   plant	  
Arabidopsis	   thaliana,	   the	   interaction	  of	   the	   three	  key	  plant	  hormones,	   salicylic	  acid	   (SA),	  jasmonic	   acid	   (JA)	   and	   abscisic	   acid	   (ABA),	   ultimately	   dictates	   the	   outcome	   of	   the	  infection.	  Post-­‐invasion	  defence	  responses,	  chiefly	  regulated	  by	  the	  SA	  dependent	  pathway	  are	  compromised	  by	  the	  antagonistic	  action	  of	  JA	  and	  ABA.	  It	  is	  this	  he	  complex	  crosstalk	  between	   the	  hormone	  pathways	   that	  propels	  susceptibility	  or	   resistance.	  The	   Jasmonate	  ZIM	   domain	   (JAZ)	   transcription	   repressors	   are	   crucial	   part	   of	   the	   JA	   signaling	   cascade.	  JAZs	  form	  a	  co-­‐receptor	  with	  F-­‐BOX	  Coronatine	  Insensitive	  (COI)	  1	  that	  binds	  the	  bioactive	  form	   of	   JA,	   Jasmonic	   Isoleucine	   (JA-­‐Ile).	   Subsequent	   to	   this	   JA	   perception	   is	   the	   specific	  degradation	   of	   JAZ	   proteins	   that	   allows	   transcription	   of	   early	   JA-­‐related	   genes.	  Interestingly	   the	   bacterial	   phytotoxin	   coronatine,	   which	   is	   a	   JA-­‐Ile	   mimic,	   increases	  bacterial	  virulence	  by	  exploiting	  the	  JA	  signaling	  pathway.	  In	  this	  project	  we	  establish	  the	  DC3000	   induced	   susceptibility	   of	   jaz10	   and	   jaz5/10	   loss	   of	   function	   mutants	   that	  substantiates	   JAZ	   specificity	   and	   confirms	   coronatine-­‐induced	   virulence.	   In	   addition,	  we	  demonstrate	   the	  different	  manifestation	  of	   symptom	  development	   caused	  by	   absence	  of	  key	   positive	   regulators	   of	   plant	   defence,	   SA	   and	   JAZ5/JAZ10	   and	   uncover	   the	   severely	  compromised	  phenotype	  of	  jaz5/jaz10/aao3/sid2-­1.	  Finally	  we	  produce	  the	  tools	  that	  will	  allow	  further	  research	  of	  JAZ	  protein	  interactions.	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1.INTRODUCTION	  
	  1.1 Plant	  defence	  mechanisms.	  	  Plant	  pathogen	  interactions	  have	  evolved	  through	  millions	  of	  years	  of	  co-­‐evolution.	  When	  plants	   have	   established	   ways	   to	   recognize	   pathogens,	   pathogens	   have	   evolved	  	  	  mechanisms	  allowing	  them	  to	  overcome	  plant	  resistance	  (Dodds	  &	  Rathjen,	  2010;	  Delaney	  
et	  al.,	  1994).	  	  Plant	  resistance	  comprises	  of	  multiple	   layers,	  both	  physical	  and	  chemical	   in	  nature,	  such	  as	   deliberate	   stomatal	   closure	   or	   trichome	   development	   on	   cell	   wall	   surface	   (Gimenez-­‐Ibanez	  &	  Rathjen,	  2010;	  Melotto,	  2008;	  Delaney	  et	  al.,	  1994).	  As	  pathogens	  try	  to	  invade,	  they	   can	   trigger	   these	   defence	   mechanisms	   thus	   leading	   plants	   to	   deploy	   a	   variety	   of	  strategies	   so	   as	   to	   avoid	   virulence	   (Jones	   &	   Dangl,	   2006).	   However,	   these	   stimuli	   and	  processes	   can	   often	   be	   successfully	   suppressed	   or	   manipulated	   by	   microorganisms	   in	  order	  to	  alter	  plant	  defence	  response	  (Delaney	  et	  al.	  1994;	  Bari	  &	  Jones,	  2008).	  	  Early	  plant	  defence	  responses	  include	  the	  oxidative	  burst	  (a	  surge	  of	  active	  oxygen	  species	  including	   nitric	   dioxide),	   ion	   fluxes	   and	   activation	   of	   signal	   transduction	   components	  called	  mitogen-­‐activated	  protein	  kinases	  (MAPK)	  (Gimenez-­‐Ibanez	  &	  Rathjen,	  2010).	  In	   terms	   of	   compatibility	   plant	   microbe	   interaction	   can	   be	   either	   ‘compatible’	   or	  ‘incompatible’.	  Whilst	   a	   ‘compatible’	   interaction	   will	   lead	   to	   infection,	   an	   ‘incompatible’	  interaction	  will	  be	  one	  of	  plant	   immunity.	  Furthermore	  an	   ‘incompatible’	   interaction	  can	  be	  non-­‐host	  or	  host	  specific	  whereby	  in	  the	  non-­‐host	  specific	  reaction	  physical	  structures	  as	   well	   as	   recognition	   of	   elicitors	   by	   plants	   during	   pathogen	   invasion	   promote	   defence	  against	  microbes.	  The	  non-­‐host	  specific	   interaction	   is	  a	  rather	  generalized	   form	  that	  can	  involve	  all	  races	  of	  a	  pathogen	  and	  all	  species	  of	  a	  host.	  In	  contrast	  to	  that,	  the	  host	  specific	  type	   of	   resistance	   is	   distinguished	   by	   gradual	   specificity	   and	   only	   occurs	   through	  interactions	   with	   certain	   pathogen	   strains	   or	   cultivars	   of	   a	   host.	   Non-­‐host	   specific	  resistance	  can	  lead	  to	  successful	  infection	  in	  highly	  adapted	  pathogens	  (Gimenez-­‐Ibanez	  &	  Rathjen,	  2010).	  Plants	  have	  a	  bipartite	  immune	  system	  based	  on	  a	  well	  developed	  and	  complex	  signaling	  model	   (Jones	   &	   Dangl,	   2001).	   Initially	   the	   microbe	   elicitors	   or	   pathogen	   associated	  molecular	   patterns	   (PAMPs)	   are	   recognized	   by	   the	   host’s	   pattern	   recognition	   receptors	  (PRRs)	  outside	  the	  cell	  (Dodds	  &	  Rathjen,	  2010).	  PAMPs	  are	  highly	  conserved	  structures	  and	  represent	  whole	  classes	  of	  pathogens.	  Some	  of	   the	  most	  well	  known	  PAMPs	  are	   the	  bacterial	   flagellin,	   the	   elongation	   factor	  Tu	   (EF-­‐Tu)	   and	   lipopolysaccharides	   (LPS).	   PRRs	  are	   located	   in	   the	   plasma	   membrane	   and	   are	   of	   two	   kinds,	   the	   receptor-­‐like	   proteins	  (RLPs)	   and	   the	   receptor	   kinases	   (RKs).	   PAMP	   recognition	   by	   PRRs	   can	   lead	   to	   PAMP	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triggered	   immunity	   (PTI)	   or	   PAMP	   triggered	   susceptibility	   (PTS;	   Gimenez-­‐Ibanez	   &	  Rathjen,	  2010;	  Zipfel	  et	  al.,	  2004).	  	  	  PTI	   can	   be	   suppressed	   by	   virulence	   effector	  molecules,	  which	   are	   proteins	   secreted	   by	  phytophatogenic	  bacteria	  through	  a	  type	  three	  secretion	  system	  (TTS)	  into	  the	  plant	  host	  cell.	  Most	  components	  of	  the	  TTS	  System	  are	  encoded	  by	  hrp	  (hypersensitive	  response	  and	  pathogenesis)	  genes.	  A	  hallmark	  of	  the	  second	  phase	  of	  the	  plants	   immune	  system	  is	  the	  recognition	  of	  these	  effectors	  by	  host	  receptor	  complexes,	  the	  nucleotide-­‐binding-­‐leucine	  rich	   repeats	   (NB-­‐LRRs)	   (Jones	   &	   Dangl,	   2001).	   	   Recognition	   of	   NB-­‐LRRs	   can	   be	   either	  direct	  or	   indirect	  and	   lead	   to	  effector	   triggered	  susceptibility	   (ETS)	  or	  effector	   triggered	  immunity	   (ETI).	   	   ETI	   is	   rapid	   and	   stronger	   than	   PTI	   and	   can	   lead	   to	   a	   hypersensitive	  response	  (HR)	  (Dodds	  &	  Rathjen,	  2010).	  However,	  it	  has	  been	  found	  that	  PTI	  can	  cause	  HR	  in	  certain	  cases	  (Gimenez-­‐Ibanez	  &	  Rathjen,	  2010).	  HR	   is	   a	   localized	   and	   rapid	   cell	   death	   that	   takes	   place	   when	  Avr	   genes	   interact	   with	  R	  genes	  (‘gene	  for	  gene’	  interaction;	  see	  Alfano&Collmer,	  1997).	  The	  HR	  can	  induce	  another	  type	   of	   resistance,	   the	   systemic	   acquired	   resistance	   (SAR).	   SAR	   is	   closely	   connected	   to	  salicylic	  acid	  biosynthesis	   (see	  1.2.x1)	  and	   is	  a	  result	  of	   the	  combined	   influence	  of	  many	  pathogenesis-­‐related	  (PR)	  protein	  upregulation	  in	  local	  and	  systemic	  tissues	  (Uknes	  et	  al.,	  1992;	  Cao	  et	  al.,	  1994;	  Durrant	  and	  Dong,	  2004).	  It	  is	  suggested	  that	  the	  SAR	  signalosome	  might	   be	   a	   lipid-­‐based	  molecule,	   which	   travels	   largely	   through	   the	   phloem	   (Falk	   et	   al.,	  1999;	  Jirage	  et	  al.,	  1999;	  Durrant	  and	  Dong,	  2004).	  	  	  	  	  1.2 Hormones	  in	  defence.	  Phytohormones	   are	   secondary	   metabolites.	   These	   compounds	   are	   found	   in	   specialized	  cells	   and	   have	   varied	   biological	   function	   (Kleibstein,	   2004).	   Plant	   hormones	   include	   SA,	  ABA,	  JA,	  ET	  (ethylene)	  and	  can	  have	  key	  roles	  in	  plant	  development,	  growth	  as	  well	  as	  in	  biotic	  or	  abiotic	  plant	  defence	  responses	  (Bari-­‐Jones,	  2008).	  	  	  	  	  1.2.1	  Salicylic	  Acid.	  Salicylic	   acid	   (SA)	   is	   associated	   with	   plant	   defence	   against	   bio	   and	   hemibiotrophic	  pathogens.	  SA	  is	  essential	  for	  the	  establishment	  of	  SAR	  post	  infection.	  In	  Arabidopsis	   thaliana	   the	  majority	   of	   the	   SA	   produced	   following	   pathogen	   invasion	   is	  from	  chorismate	  via	  the	  isochorismate	  pathway,	  driven	  by	  expression	  of	  the	  isochorismate	  
synthase	  1(ICS1)	  gene	  and	  secondarily	  through	  ICS2,	   located	  at	  the	  top	  and	  the	  bottom	  of	  chromosome	  1	  respectively	  (Wildermuth	  et	  al.,	  2001).	  However,	  small	  amounts	  of	  SA	  may	  still	  accumulate	  through	  the	  phenylalanine	  pathway	  (Glazebrook,	  2005).	  Once	  synthesized	  SA	   can	   be	   either	   methylated	   (MeSa)	   or	   conjugated	   with	   amino	   acids	   in	   order	   to	   form	  compounds	  aiming	  to	  regulate	  plant	  defence	  responses	  (Loake-­‐Grant,	  2007).	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Subsequent	   to	   a	   HR	   or	   a	   pathogen	   attack	   is	   an	   increase	   in	   SA,	   necessary	   for	   the	  establishment	   of	   SAR.	   NPR1	   (Non-­‐expressor	   of	   Pathogenesis	   Related	   genes)	   oligomers	  undergo	   reduction	   to	   monomers,	   which	   then	   interact	   with	   TGA	   transcription	   factors	  leading	  to	  the	  activation	  of	  pathogen	  related	  genes	  such	  as	  PR1	  (Mou	  et	  al.,	  2003;	  Uknes	  et	  
al.,	  1992;	  Cao	  et	  al.	  1994;	  Zhang	  et	  al.,	  1999;	  Despres	  et	  al.,	  2000).	  HR	  cell	  death	  promotes	  SA	  production	  and	  vice	  versa	  (Falk	  et	  al.,	  1999;	  Jirage	  et	  al.,	  1994).	  	  1.2.2	  Abscisic	  acid.	  Abscisic	  acid	  (ABA)	  is	  a	  terpenoid	  hormone	  with	  diverse	  roles.	  Its	  precursor,	  zeaxanthin,	  is	  converted	   in	   the	   plastids	   into	   xanthonin	   after	   a	   series	   of	   steps.	   Xanthonin	   is	   then	  transported	  to	  the	  cytosol	  and	  oxidised	  into	  ABA.	  It	  is	  a	  highly	  mobile	  hormone	  existing	  in	  the	   form	  of	  a	  glucose	  ester	  conjugate	   in	  vascular	   tissues	  which	   is	   released	  and	  activated	  only	   once	   it	   reaches	   its	   target	   tissue	   (Ton	  et	   al.,	  2009;	   Cutler	  &	  Krochko,	   1999).	   ABA	   is	  associated	  with	  various	  biological	  functions	  such	  as	  plant	  growth	  and	  development,	  seed	  germination,	  embryo	  maturation,	  leaf	  senescence,	  bud	  dormancy	  as	  well	  as	  plant	  defence.	  In	  relation	  to	  plant	  defence	  mechanisms	  ABA’s	  pivotal	  role	  in	  abiotic	  stress	  response	  like	  resistance	  in	  drought	  and	  salinity	  has	  long	  been	  established.	  However,	  recent	  studies	  have	  substantiated	   its’	   crucial	   involvement	   in	   plant	   response	   to	   biotic	   stress	   (Signora	   et	   al.,	  2001;	  Zhang	  et	  al.,	  2006;	  Bari	  &	  Jones,	  2008).	  	  ‘Its	   role	   in	  biotic	  disease	   resistance	  depends	  on	   the	   type	  of	  pathogen,	   its	   specific	  way	  of	  entering	  the	  host	  and,	  hence,	  the	  timing	  of	  the	  defence	  response	  and	  the	  type	  of	  affected	  plant	   tissue’	   (Ton	  et	   al.,	   2009).	   Consequently,	   it	   can	   act	   either	   as	   a	   positive	   regulator	   of	  plant	   resistance	   against	   pathogens	   such	   as	   some	   fungi	   or	   oomycetes,	   or	   promote	  pathogenesis	   as	   in	   the	   case	   of	   herbivorous	   insects,	   bacteria	   Pseudomonas	   syringae	   (see	  chapter	  1.3)	  and	  fungi	  Botrytis	  cinerea	  (see	  chapter	  1.4;	  Ton	  et	  al.,	  2009).	  In	  the	  case	  of	  P.	  syringae	  pv.	  tomato	  (Ps)	  strain	  DC3000	  infection	  of	  Arabidopsis	  thaliana,	  ABA’s	  opposite	  role	  pre-­‐	  and	  post-­‐invasion	  as	  well	  as	  its	  distinct	  and	  complex	  interaction	  with	  SA	  are	  key	   factors	   that	  affect	   the	  outcome	  of	   infection	   (Ciao	  et	  al.,	   2011;	  de-­‐Torres	  Zabala	  et	  al.	  2007).	  Before	  pathogen	  invasion,	  ABA	  together	  with	  a	  functional	  SA	  signalling	  pathway,	  seem	  to	  promote	   plant	   defence	   by	   preventing	   bacterial	   entry	   into	   the	   host’s	   tissue	   through	  modulation	  of	  stomatal	  aperture.	  Plants	  sense	  PAMPs	  through	  immune	  receptors.	  It	  is	  not	  yet	   identified	  whether	  the	  perception	  of	  PAMPs	  by	  these	  receptors	  causes	  an	  increase	  in	  ABA	  and	  SA	  biosynthesis	  or	  whether	  a	  basal	  level	  of	  ABA	  and	  SA	  is	  what	  causes	  this	  guard	  cell	  response	  (Melotto,	  2008;	  Zipfel	  et	  al.,	  2004).	  This	  stomatal	  closure	  can	  be	  subdued	  by	  the	   toxin	   coronatine	   (see	   chapter	   1.3.2).	   However,	   once	   DC3000	   has	   successfully	  penetrated	   the	   leaf	   tissue,	   ABA	   manifests	   very	   different	   function	   acting	   against	   plant	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defence	  (de	  Torres	  Zabala	  et	  al.,	  2009).	  It	  has	  been	  shown	  that	  some	  DC3000	  Type	  Three	  Effectors	  (TTEs)	  induce	  the	  expression	  of	  nine-­‐cis-­‐epoxycarotenoid	  dioxygenase NCDE3	  (a	  key	  regulatory	  enzyme	  in	  the	  ABA	  biosynthetic	  pathway)	  leading	  to	  a	  subsequent	  increase	  in	   ABA	   biosynthesis	   (Barrero	   et.	   al.,	  2006,	   de	   Torres	   Zabala	   et	   al.,	   2009).	   This	   increase	  suppresses	  SA-­‐dependent	  defences	  and	  augments	  plant	  susceptibility	  (Cao	  et	  al.,	  2011;	  de	  Torres	  et	  al.,	  2009).	  	  This	  happens	  at	  least	  in	  part	  by	  suppression	  of	  ICS1	  gene	  expression	  and	  thus	  SA	  synthesis	  (de	  Torres	  Zabala	  et	  al.,	  2007;	  Wildermuth	  et	  al.,	  2001)	  	  	  	  1.2.3	  Jasmonates.	  Jasmonates	   (JAs)	  are	  hormones	  widespread	  within	   the	  plant	  kingdom	  from	  monocots	   to	  dicots	   which	   are	   associated	   either	   directly	   or	   indirectly	   with	   an	   array	   of	   biological	  processes	  (Chung	  et	  al,	  2009):	  senescence,	  reproductive	  development,	  stamen	  and	  pollen	  maturation,	   carbon	   partitioning	   control,	   vegetative	   growth	   rate,	   trichome	   formation	   as	  well	   as	   a	  plethora	  of	   stress-­‐induced	   responses	   such	  as	   response	   to	  ultraviolet	   radiation,	  defence	   against	   herbivores	   (Induced	   Systemic	   Resistance;	   ICS),	   drought	   and	   salinity	  resistance,	  secondary	  metabolite	  production	  (Feys	  et	  al.,1994;	  Conconi	  et	  al.,	  1996;	  Fujita	  
et	  al.,	  2004;	  Xiao	  et	  al.,	  2004;	  Devoto	  et	  al.,	  2005;	  Ma	  et	  al.,	  2006;	  McConn	  &	  Browse,	  1996;	  Turner	   et	   al.,	   2002;	   Browse	  &	  Howe,	   2008;	   Yoshida	   et	   al.,	   2009).	   A	   key	   attribute	   of	   the	  jasmonate	   pathway	   is	   the	   ability	   of	   crosstalk	   with	   other	   hormone	   pathways	   that	   can	  eventually	   promote	   or	   hinder	   plant	   resistance	   depending	   on	   the	   nature	   of	   a	   pathogen	  (Schenk	  et	  al.,	  2000;	  Thomma	  et	  al.,	  2001;	  Kunkel	  &	  Brooks,	  2002;	  Bari	  &	  Jones,	  2008).	  In	  the	   example	   of	   Ps	   DC3000	   	   (see	   chapter	   1.3.1)	   JA	   is	   known	   to	   promote	   virulence	   (see	  chapter	  1.2.3e;	  Browse,	  2009)	  	  	  	  	  	  	  1.2.3.a	  JA	  biosynthesis	  and	  signalling.	  Jasmonates	  are	  a	  family	  of	  fatty	  acid	  derived	  oxylipins.	  JAs	  are	  synthesized	  through	  a	  nine-­‐step	   octadenoid	   pathway	   that	   commences	   in	   the	   plastids	  with	   the	   transformation	   of	   α-­‐linolenic	  acid,	  present	  on	  the	  chloroplast	  membranes,	  into	  13-­‐hydroperoxy	  linolenic	  acid.	  Key	  nodes	  of	  the	  JA	  biosynthesis	  cascade	  through	  the	  lipoxygenase	  (LOX)	  pathway	  (Avanci	  
et	   al.,	   2010)	   are	   the	   synthesis	   of	   13(s)hydroperoxylinolenic	   acid	   by	   13-­‐hydroperoxy-­‐9,11,15-­‐octadecatrienoic	  acid	  	  (13-­‐HPOT),	  	  12,13-­‐epoxycoctadecatrinoic	  acid	  by	  means	  of	  	  allene	  oxide	  cyclase	   (AOS),	  12-­‐oxo-­‐phytodienoic	  acid	   (OPDA)	  which	   is	   reduced	  by	  OPDA	  reductase	   to	  3-­‐oxo-­‐2(2′	   [Z]-­‐	  pentenyl)cyclopentane-­‐1-­‐octanoic	  acid (OPC	  8:0).	  OPC	  8:0	   is	  finally	  converted	   into	   jasmonic	  acid	  after	  three	  cycles	  of	  b	  oxidation	  and	  exported	  to	  the	  cytosol.	   Once	   synthesized	   jasmonic	   acid	   can	   be	   subject	   to	   several	   enzymatic	  transformations.	  When	   jasmonic	   acid	   is	   methylated	   in	   the	   cytoplasm	   it	   is	   converted	   to	  methyl-­‐jasmonate	  (MeJA)	  whereas	  if	  subject	  to	  decarboxylation	  it	  will	  form	  cis-­‐jasmonate.	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Hydroxylation	   and	   reduction	   of	   jasmonic	   acid	   produce	   tuberonic	   and	   cucurbic	   acid	  respectively.	  Finally	  its	  amid-­‐linked	  conjugation	  will	  result	   in	  jasmonic	  isoleucine	  (JA-­‐Ile;	  Avanci,	  2010;	  Browse,	  2008;	  Seo	  et	  al.2001).	  It	  is	  believed	  that	  the	  bulk	  of	  JA	  is	  produced	  in	  the	  chloroplasts	  as	  JA	  levels	  are	  higher	  in	  the	  leaves	  (Acosta	  and	  Farmer,	  2010).	  3R,7S	  JA-­‐Ile,	  formed	  by	  conjugation	  of	  the	  (+)-­‐7-­‐iso-­‐JA	  isomer	  with	  isoleucine,	  is	  not	  only	  firmly	   accepted	   as	   the	   active	   form	  of	   JA	   but	   also	   as	   the	   paramount	   compound	   of	   the	   JA	  signalling	  pathway	  (Staswick	  et	  al.,	  2004;	  Shread	  et	  al.,	  2010;	  Chung	  et	  al,	  2009;	  Browse,	  2009).	  JA-­‐Ile	  is	  mediating	  the	  derepression	  of	  transcription	  factor	  MYC2	  thus	  promoting	  JA	  synthesis	  through	  a	  positive	  feedback	  loop	  mechanism	  (Niu	  et	  al.,	  2011;	  Acosta	  &	  Farmer,	  2010).	  The	  suggested	  model	  indicates	  the	  initiation	  of	  JA	  signalling	  through	  the	  binding	  of	  active	   JA	   to	  a	  co-­‐receptor	  complex	  comprised	  of	  a	  Coronatine	   Insensitive	  1	  (COI1)	  F-­‐box	  protein	  and	  a	  Jasmonate	  ZIM	  domain	  containing	  protein	  (JAZ)	  (Devoto	  et	  al.,	  2002;	  Xu	  et	  
al.,	   2002;	   Thines	   et	   al.,	   2007;	   Chini	   et	   al.,	   2007;	   Yan	   et	   al.,	   2009;	   Niu	   et	   al.,	   2011).	   An	  alternative	  mechanism	  whereby	  JA-­‐Ile	  binds	  to	  COI1	  followed	  by	  the	  recruitment	  of	  a	  JAZ	  protein	  is	  also	  in	  line	  with	  COI1’s	  ability	  to	  bind	  directly	  with	  JA	  to	  some	  degree	  (Shread	  et	  
al,	  2010;	  Pauwels	  &	  Goossens,	  2011;	  Kazan	  &	  Manners,	  2011).	  In	  short,	  JA-­‐Ile	  binds	  to	  the	  SCFCOI1	  protein	  complex	  recruiting	  JAZ	  proteins	  and	  leading	  them	  to	  degradation	  through	  the	   26S	   proteasome	   pathway.	   Once	   the	   JAZ	   proteins	   that	   were	   once	   bound	   to	   co	  repressor(s)	  with	   the	  help	  of	   intermediating	  cofactors	  are	  degraded,	   transcription	   factor	  repression	  is	  relieved	  thus	  allowing	  transcription	  of	  JA	  related	  genes	  (Figure	  1;	  (Devoto	  et	  
al.,	  2002;	  Xu	  et	  al.,	  2002;	  Thines	  et	  al.,	  2007;	  Chini	  et	  al.,	  2007;	  Yan	  et	  al.,	  2009;	  Niu	  et	  al.,	  2011;	  Pauwels	  et	  al.,	  2010).	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Figure	   1:	   The	   JAZ	   mediated	   repression	   of	   early	   genes	   and	   JA	   signaling	   cascade.	   a)	   JAZ	   proteins	   are	  transcriptional	   repressors	   of	   JA	   related	   genes.	   MYC2	   is	   the	   only	   known	   up	   to	   date	   transcription	   factor	   to	  directly	  interact	  with	  JAZ	  proteins	  via	  	  	  JID	  –Jas	  domain	  interaction.	  Co-­‐repressor	  TOPLESS	  is	  recruited	  by	  the	  help	   of	   co-­‐factor	   NINJA	   binding	   to	   the	   ZIM	   domain	   of	   the	   JAZ	   protein.	  b)	   JA-­‐Ile	   binds	   to	   the	   F-­‐box	   SCFCOI1	  	  	  protein	  complex	  and	  allows	  recruitment	  of	  JAZ	  proteins	  after	  interaction	  with	  the	  JAZ	  Jas	  domain.	  JAZs	  protein	  is	  led	  to	  the	  26	  proteasome	  c.)	  Finally,	  JAZs	  are	  degraded,	  JA-­‐Ile	  inactivated	  and	  MYC2	  repression	  is	  relieved.	  Transcription	  of	  early	  JA	  genes	  takes	  place.	  (Scheme	  adapted	  from	  Browse,	  2009;	  Pauwels	  &	  Goossens,	  2011)	  In	  Arabidopsis	   thaliana	  the	  COI1	   locus	  encodes	  the	  protein	  COI1,	  containing	  a	  conserved	  sixty	  amino	  acid	  long	  domain	  known	  as	  the	  F-­‐box	  (Xie	  et	  al.,	  1998).	  COI1	  is	  part	  of	  a	  much	  larger	   protein	   complex,	   the	   SCFCOI1	   E3	   ubiquitin	   ligase	   complex.	   The	   SCF	   complex	  comprises	   the	   Arabidopsis	   Seventeen	   Kilodalton	   Protein	   (SKP)	   1	   homologs	   Apoptosis	  Apoptosis	   Signal-­‐regulating	   Kinase	   (ASK)	   1	   and	   ASK2	   that	   form	   the	   COI1	   recognition	  substrate,	   CULLIN1	   which	   holds	   the	   recognition	   substrate,	   RING	   BOX	   1	   where	   the	   E2	  enzyme	  that	  conjugates	  ubiquitin	  is	  recruited	  (Zheng	  et	  al.,	  2002;	  Xu	  et	  al.,	  2002).	  	  The	  SCF	  complex	  uses	   the	  COI1	  F-­‐box	  component	   in	  order	   to	   target	  and	  bind	   JAZ	   target	  proteins	   so	   that	   they	   are	   subsequently	   ubiquitilated	   and	   finally	   degraded	   by	   the	   26S	  proteasome.	  Until	  recently	  there	  had	  been	  little	  known	  about	  the	  exact	  mechanism	  of	  this	  JAZ	  (poly)ubiquitilation.	  Key	  for	  the	  successful	  binding	  of	  JA	  to	  its	  receptor	  is	  the	  cofactor	  Inositol	   Pentakiphosphate	   (InsP5).	   InsP5,	   which	   is	   an	   important	   newly	   discovered	  component	  of	   this	   composite	   jasmonate	   	   co-­‐receptor	   complex	   and	  equally	  necessary	   for	  the	  high	  affinity	  binding	  of	   JA-­‐Ile	   ,	  seems	  to	   interact	  with	  amino	  acid	  residues	   in	  COI1	  as	  well	  as	  in	  JAZ	  that	  seem	  to	  form	  a	  binding	  pocket.	  This	  binding	  pocket	  structure	  is	  highly	  sensitive	   to	   hormone	   sensing	   and	   InsP5	   ‘potentiates	   its	   function’	   (Shread	   et	   al,	   2010;	  Mosblech	  et	  al,	  2011).	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  1.2.3.b	  Jasmonate	  ZIM	  domain	  (JAZ)	  proteins.	  Jasmonate	   ZIM	   domain	   (JAZ)	   proteins	   is	   a	   family	   comprising	   12	   members	   and	  characterised	  by	  the	  presence	  of	  a	  defining	  Zinc	  finger	  protein	  expressed	  in	  Inflorescence	  Meristem	  (ZIM)	  motif	  “near	  the	  middle”	  of	  their	  peptide	  sequence	  and	  a	  Jas	  motif	  localised	  near	  their	  C	  terminus	  (Browse,	  2009).	  JAZs	  are	  considered	  to	  be	  the	  primary	  targets	  of	  the	  COI1	  complex	  and,	  as	  mentioned	  previously,	  are	  part	  of	  the	  COI1-­‐JAZ	  co-­‐receptor	  of	  JA-­‐Ile	  (Kazan	  &	  Manners,	   2011;	   Shread	   et	   al.,	   2010;	   Xu	   et	   al.,	   2002).	   JAZ	   proteins	   lack	   a	   DNA	  binding	  domain	  it	  is	  through	  their	  association	  with	  a	  vast	  variety	  of	  interactors	  that	  JAZs	  have	   a	   critical	   impact	   on	   hormone	   signalling	   and	   crosstalk	   as	   well	   as	   other	   plant	  responses.	  Being	  transcriptional	  repressors	  of	  early	  JA	  related	  genes	  as	  well	  as	  promoting	  JA	  biosynthesis	  through	  their	  ubiquitilation	  JAZ	  proteins	  are	  key	  components	  of	  the	  plant-­‐pathogen	  interaction	  (Chini	  et	  al.,	  2007).	  Following	  is	  a	  detailed	  description	  of	  JAZ	  function	  as	  this	  is	  determined	  through	  their	  structure.	  	  i.	  ZIM	  domain	  and	  	  dimerization.	  The	   centrally	   located	   ZIM	   domain	   is	   composed	   of	   27	   amino	   acids.	   Situated	   close	   to	   the	  ZIM’s	   N	   terminus	   is	   a	   TIFY	  motif	   and	   near	   the	   C	   terminal	   region	   is	   a	   pair	   of	   invariant	  alanine	   residues	   (Browse,	   2009).	   	   Via	   the	   ZIM	   domain	   and	   in	   particular	   the	   TIFY	  motif	  most	   JAZs	  are	  able	   to	  homo-­‐	  or	  heterodimerize.	   Interestingly,	  out	  of	  all	  12	   JAZs,	  no	   JAZ7	  dimerization	   has	   been	   detected.	   Conversely	   to	   point	   mutations	   in	   the	   TIFY	   motif	   that	  abolish	  dimerization,	  the	  absence	  of	  a	  Jas	  domain	  substantially	  increases	  a	  JAZ’s	  ability	  to	  heterodimerize	  (Chini	  et	  al.,	  2009;	  Chung	  and	  Howe;	  2009).	  The	  ZIM	  domain	  also	  acts	  as	  a	  binding	  site	  for	  the	  adaptor	  protein	  NOVEL	  INTERACTOR	  of	  JAZ	  (NINJA).	  NINJA	  facilitates	  the	  recruitment	  of	  TOPLESS	  (TPL)	  co	  repressors	  TOPLESS	  RELATED	  2	  (TPR2)	  and	  TPR3	  thus	  rendering	  JAZ	  repression	  of	  JA	  gene	  related	  transcription	  factors	  possible	  (Figure	  1)	  (Pauwels	  et	  al.,	  2010;	  Kazan	  &	  Manners,	  2011).	  Binding	  of	   the	  adaptor	  protein	  NINJA	   to	  the	   SCFCOI1	   –	   JAZ	   complex	   occurs	   by	   means	   of	   an	   Ethylene	   Response	   Factor	   (ERF)	   -­‐Associated	  Amphiphilic	  Repression	  (EAR)	  motif.	  TF	  repression	  is	  believed	  to	  happen	  as	  a	  result	  of	  this	  combined	  effect	  of	  JAZ	  proteins	  and	  co	  repressors	  such	  as	  TPL.	  The	  proteins	  JAZ7	  and	  JAZ8	  that	  have	  been	  found	  to	  contain	  an	  EAR	  motif	  themselves	  along	  with	  JAZ5	  and	  JAZ6	  that	  contain	  an	  EAR-­‐like	  motif	  are	  speculated	  to	  recruit	  TPL	  without	  the	  aid	  of	  the	  mediator	  NINJA	  (Kagale	  et	  al,	  2010;	  Kazaan	  and	  Manners,	  2011).	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  ii.The	  Jas	  domain	  and	  the	  JAZ-­‐COI1	  coreceptor.	  The	  conserved	  sequence	  of	  a	  total	  of	  22	  amino	  acids	  close	  to	  the	  JAZ	  C	  terminus	  is	  referred	  to	  as	  the	  Jas	  domain.	  The	  Jas	  domain	  serves	  as	  a	  binding	  site	  for	  COI1	  and	  the	  transcription	  factor	  MYC2	  with	  a	  JAZ	  protein	  or	  a	  JAZ	  dimer	  (Browse,	  2009).	  Parts	  of	  this	  domain	  are	  the	  S-­‐L-­‐X(2)-­‐F-­‐X(2)-­‐K-­‐R-­‐X(2)-­‐R	  core,	   the	  conserved	  Pro	  sequence	  near	   its	  N	  terminal	  as	  well	  as	   the	   PY	   and	   the	   degron	   sequence	   (JAZ	   degron)	   along	  with	   two	   conserved	   amino	   acid	  residues	   close	   to	   its	   	  C	   terminal.	  The	  binding	  between	  a	   JAZ	  protein	  and	  MYC2	   is	  highly	  dependent	   on	   the	   C	   terminal	   amino	   acid	   residues.	   The	   JAZ	   degron	   fortifies	   the	  effectiveness	   of	   the	   JAZ-­‐COI1	   interaction	   by	   formation	   of	   an	   a-­‐amphiphatic	   helix,	  suggested	   to	   provide	   a	   ‘low	   affinity	   anchor’	   (Shread	   et	   al.,	   2010;	   Pauwels	   &	   Goossens,	  2011).	   Finally,	   the	   existence	  of	   the	  PY	   sequence	  of	   amino	  acids,	   located	   close	   to	   the	   JAZ	  dregon,	  is	  speculated	  to	  act	  as	  the	  source	  of	  a	  signal	  that	  mediates	  the	  assignment	  of	  JAZs	  in	  the	  cell	  nucleus	  or	  elsewhere	  (Browse	  et	  al.,	  2008;	  Pauwels	  &	  Goossens,	  2011).	  	  	  	  	  	  iii.	  Interacton	  with	  transcription	  factors	  and	  other	  proteins.	  JAZ	   proteins	   contain	   many	   different	   binding	   sites,	   which	   allow	   for	   interaction	   with	   an	  array	  of	  TFs.	  The	  first	  TF	  to	  have	  been	  discovered	  and	  thus	  most	  extensively	  investigated	  to	  date	  is	  the	  basic-­‐Helix-­‐Loop-­‐Helix	  (bHLH)	  protein	  MYC2.	  As	  mentioned	  previously,	  the	  binding	  of	  JA-­‐Ile	  to	  the	  SCFCOI1	  complex,	  the	  following	  JAZ	  recruitment	  and	  its	  subsequent	  degradation	   through	   the	   ubiquitin/26S	   proteasome	   pathway	   (Figure	   1)	   relieves	   MYC2	  repression	  and	  emanates	  the	  signal	  for	  transcription	  of	  JA	  responsive	  genes	  and	  further	  JA	  production.	  	  Although	  originally	  MYC2	  was	  the	  only	  TF	  known	  to	  directly	  interact	  with	  the	  JAZs	  (Chini	  
et	  al.,	  2007),	  further	  studies	  have	  substantiated	  evidence	  that	  other	  TFs,	  such	  as	  MYC3	  and	  MYC4	  interact	  directly	  with	  JAZ	  proteins.	  MYC2,	  MYC3	  and	  MYC4	  have	  been	  shown	  to	  act	  additively	  to	  one	  another	  as	  well	  as	  have	  some	  degree	  of	  overlapping	  functions	  (Niu	  et	  al,	  2011;	  Fernandez-­‐Calvo	  et	  al,	   2011).	  MYC2,	  MYC3	  and	  MYC4	  are	  not	   fully	   redundant	  but	  instead	  hold	  specificity	  in	  their	  functions.	  In	  the	  case	  of	  JA	  related	  gene	  expression	  they	  act	  jointly	  in	  order	  to	  each	  upregulate	  specific	  genes.	  That	  evidence	  have	  been	  substantiated	  through	  experiments	  with	  single	  myc2,	  myc3	  and	  myc4	  loss	  of	  function	  mutants	  as	  well	  as	  triple	   loss-­‐of-­‐function	  mutants	   (myc2/myc3/myc4).	   In	   these	   experiments	   triple	  mutants	  were	  not	  only	  severely	  compromised	  in	  the	  expression	  JA-­‐dependent	  genes	  such	  as	  JAZ10	  but	   also	   highly	   resistant	   to	   DC3000	   infection.	   In	   contrast	   single,	   myc3	   and	  myc4	   loss-­‐of	  function	  mutants	   showed	   ‘minor	  effects’	   in	   JA-­‐dependent	   gene	  expression	  and	  a	   smaller	  increase	   in	   DC3000	   resistance	   when	   compared	   to	   myc2/myc3/myc4	   triple	   mutants	  (Fernandez-­‐Calvo	  et	  al,	  2011).	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In	   particular,	   MYC2	   interacts	   with	   JAZ	   proteins	   via	   the	  MYC2-­‐D93-­‐160	   	   	   region	   of	   the	   JAZ	  Interacting	   Domain	   (JID)	   domain,	   a	   conserved	   sequence	   of	   amino	   acids	   near	   the	   N	  terminus	  of	  MYC2.	  The	  JID	  region	  is	  present	  in	  various	  MYC	  proteins	  but	  highly	  conserved	  in	   MYC2,	   MYC3	   and	   MYC4	   (Fernandez-­‐Calvo	   et	   al,	   2011).	   As	   mentioned	   above,	   recent	  studies	   validate	   that	   MYC2,	   MYC3	   and	   MYC4	   interact	   with	   different	   JAZ	   proteins	   and	  regulate	  various	  JA	  related	  responses	  to	  a	  different	  extent	  often	  by	  acting	  additively	  with	  one	  another.	  Whilst	  MYC2	  is	  expressed	  in	  roots,	  MYC3	  and	  MYC4	  are	  mainly	  expressed	  in	  shoot	   tissue,	   and	  have	  been	   found	   to	  contribute	  primarily	   in	  herbivore	  attack	   JA	   related	  defence.	   Moreover,	   MYC3	   and	   MYC4	   act	   additionally	   with	   MYC2,	   the	   TF	   primarily	  responsible	  for	  the	  expression	  of	  a	  susceptible	  phenotype	  following	  Pst	  DC3000	  infection	  (Niu	   et	   al.,	   2011;	   Fernandez-­‐Calvo	   et	   al.	   2011).	   Despite	   the	   fact	   that	   expression	   of	   JA	  related	  genes,	  including	  JAZ	  genes	  themselves,	  has	  been	  attributed	  to	  MYC2	  in	  the	  past	  it	  has	   recently	   been	   demonstrated	   that	   MYC2	   doesn’t	   affect	   JAZ	   expression	   during	   Pst	  infection	  (Chico	  et	  al,	  2008,	  Demianski	  et	  al,	  2011).	  MYC	  and	  other	  bHLH	  TFs	  homo-­‐	  and	  heterodimerize	   through	   a	   conserved	   ACT	   region	   located	   near	   their	   C	   terminus.	   This	  dimerization	   along	   with	   the	   JAZ	   dimerization	   produces	   complexes	   of	   high	   molecular	  weight	  that	  might	  aid	  the	  fine-­‐tuning	  of	  JA	  related	  responses	  (Pauwels	  &	  Goossens,	  2011).	  	  Other	   bHLH	   TFs	   that	   interact	   with	   JAZ	   proteins	   are	   GLABRA3	   (GL3),	   ENHANCER	   of	  GLABRA3	  (EGL3),	  TRANSPARENT	  TESTA8	  (TT8).	  Finally,	  in	  addition	  to	  all	  above	  TFs,	  JAZs	  also	  interact	  with	  MYB	  proteins	  forming	  complexes	  that	  have	  effect	  on	  trichome	  formation	  &	  anthocyanin	  production.	   JAZ	  proteins	  are	  suggested	   to	  have	  an	  array	  of	  different	  sites	  for	  the	  binding	  of	  many	  different	  TFs	  (Kazan	  &	  Manners,	  2011).	  	  	  	  	  1.2.3.c	  JA	  signalling	  curtailment.	  JA	  signalling	  relief	  is	  suggested	  to	  occur	  via	  the	  inactivation	  of	  JA-­‐Ile	  induced	  degradation	  of	  JAZ	  proteins	  (Thines	  et	  al.,2007;	  Chini	  et	  al.,	  2007;	  Chico	  et	  al.,	  2008,	  Katsir	  et	  al.,2008).	  This	   procedure	   requires	   the	   desensitization	   of	   the	   cell	   in	   response	   to	   the	   prolonged	  stimulation	  by	  JA.	  In	  this	  case	  a	  negative	  feedback	  loop	  is	  promoted	  whereby	  JAZ	  proteins	  that	  have	  been	  subject	  to	  pre-­‐mRNA	  alternative	  splicing	  repress	  JA	  related	  TFs	  (Yan	  et	  al.,	  2007;	  Chung	  et	  al.,2010;	  Pauwels&	  Goossens,	  2011).	  The	  impact	  of	  a	  JAZ	  splice	  variant	  in	  this	   curtailing	   is	   determined	   both	   by	  whether	   they	   posses	   a	   functional	   ZIM	   domain	   (in	  specific	  TIFY	  motif)	  as	  well	  as	  degree	  of	   JAZ	   interaction	  with	  the	  COI1	  complex	  (Chini	  et	  
al.,	  2009;	  Chung	  &	  Howe,	  2009).	  Although	  many	  splice	  variants	  can	  occur	  in	  nature,	  recent	  studies	   have	   pinpointed	   the	   nucleus	   localized	   JAZ	   10	   splice	   variants	   (JAZ	   10.3	   and	   JAZ	  10.4)	  as	  being	  key	  to	  JA	  signalling	  attenuation	  (Chung	  &	  Howe,	  2009).	  	  	  As	  opposed	  to	  JAZ	  10.1,	  JAZ	  10.4	  lacks	  the	  entire	  jas	  domain	  thus	  being	  unable	  to	  interact	  with	  COI1.	  The	  less	  stable	  JAZ	  10.3	  lacks	  seven	  amino	  acids	  from	  the	  C	  terminus	  of	  its	  jas	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domain	  and	  interacts	  weakly	  with	  COI1	  (Chung	  &	  Howe,	  2009).	  Both	  JAZ	  10.3	  and	  JAZ	  10.4	  are	   believed	   to	   heterodimerize	   with	   other	   JAZ	   proteins,	   forming	   complexes	   that	   cause	  dominant	  phenotypes	  partially	  or	  fully,	  in	  respect,	  insensitive	  to	  JA	  mediated	  degradation	  (Chung	  et	  al.,	  2009).	  	  	  	  	  1.2.3.d	  JA/SA	  and	  JA/ABA	  crosstalk.	  	  The	  complex	  crosstalk	  between	  JA	  and	  SA	  is	  primarily	  a	  mutually	  antagonistic	  one	  with	  JA	  being	   a	  weaker	   antagonist	   of	   SA	   (Browse,	   2009).	  However,	   cases	   of	   positive	   interaction	  between	   the	   two	   pathways,	   though	   not	   as	   salient,	   are	   a	   fact	   (Kunkel	   &	   Brooks,	   2002;	  Glazenbrook,	  2005;	  Loake	  &	  Grant,	  2007).	  A	  synergy	  between	  SA	  and	  JA	  is	  required	  for	  the	  establishment	  of	  SAR	  whereby	  additionally	  to	  SA,	  JA	  or	  the	  JA	  derivative	  MeJA	  is	  essential	  (Truman	  et	  al.,	  2007).	  Another	   instance	  of	  positive	   interaction	   is	   the	  expression	  of	  more	  than	  50	  different	  defence	  genes	  (including	  PR1b)	  by	  both	  JA	  or	  SA	  in	  experiments	  carried	  out	  in	  Arabidopsis	  plants	  (Xu	  et	  al.,	  1994,	  Schenk	  et	  al.	  2000).	  	  Key	   regulators	   of	   the	   SA	   suppression	   by	   JA	   signalling	   are	   the	   TGA	   TF-­‐interacting	   non-­‐expressor	  of	  PR	  genes	  1	  (NPR1)	  and	  glutaredoxin	  GRX480	  (Meyer	  et	  al.,	  2008;	  Ndamukong	  
et	  al.,	  2007;	  Spoel	  et	  al.,	  2007).	  Other	  key	  components	  are	  the	  TFs	  WRKY70,	  WRKY62	  and	  WRKY53,	   the	   latter	   antagonising	   in	   conjunction	   with	   the	   JA	   induced	   protein	  Epithiospecifying	   Senescence	   Regulator	   (ESR)	   (Li	   et	   al.,	   2006;	  Mao	   et	   al.,	   2007;	  Miao	   &	  Zengraf,	  2007).	  Important	  components	  of	  the	  signalling	  network	  that	  allow	  the	  JA	  induced	  suppression	  of	  SA	   are	   the	   Mitogen	   activated	   Protein	   Kinase	   4	   (MPK4)	   as	   well	   as	   the	   TF	   MYC2,	   both	  essential	   for	   the	  expression	  of	   JA	  responsive	  genes	   (Bari	  &	   Jones,	  2008).	  The	  role	  of	   JAZ	  proteins	  in	  the	  MYC2	  related	  SA	  antagonism	  is	  of	  great	  importance	  as	  their	  degradation	  is	  the	  hallmark	  of	  the	  negative	  feedback	  loop	  by	  which	  JA	  signalling	  occurs.	  	  Another	  way	  by	  which	   JAZs	  may	  affect	   SA	   suppression	   is	  via	   interaction	  with	  DELLA	  proteins	   that	   cause	  the	  release	  of	  MYC2.	  JAZs	  may	  further	  subdue	  SA	  by	  derepressing	  TFs	  ethylene	  insensitive	  3	   (EIN3)	   and	   EIN3	   like	   protein	   1(EIL1)	   causing	   a	   subsequent	   suppression	   of	   the	   SA	  biosynthesis	  pathway	  (Korneef	  &	  Pieterse,	  2008;	  Kazan	  &	  Manners,	  2011).	  	  JA/ABA	   crosstalk	   is	   similarly	   complex	   and	   most	   evident	   in	   necrotroph	   pathogen-­‐plant	  	  interactions.	  Following	  Pithium	  irregularre	  (necrotroph)	  infection	  ABA	  has	  been	  found	  to	  be	  necessary	  for	  JA	  biosynthesis	  whilst	  also	  exerting	  positive	  effect	  on	  MYC2	  controlled	  JA	  inducible	  defences	  in	  Arabidopsis	  plants.	  By	  contrast,	  ABA	  suppresses	  JA/ET	  induced	  plant	  defence	   upon	   Fusarium	   oxysporum	   (necrotroph)	   infection	   (Adie	   et	   al.,	   2007;	   Ton	   et	   al,	  2009).	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1.3 Pseudomonas	  syringae.	  	  	  The	   plant	   pathogen	   Pseudomonas	   syringae	   (Ps)	   is	   one	   of	   the	   gamma	   subgroup	   of	   the	  Proteobacteria	   class	   whose	   pathogenicity	   is	   typically	   dependent	   on	   the	   hrp	  (hypersensitive	  response	  and	  pathogenicity)	  gene	  cluster	  (Buell	  et	  al.,	  2003).	  Ps	  has	  a	  total	  of	  50	  different	  pathovars,	  which	  in	  turn	  are	  classified	  in	  different	  strains	  according	  to	  their	  host	   range.	   Strains	   can	   be	   further	   categorized	   in	   races	   depending	   on	   specificity	   and	  diversity	   of	   interaction	   when	   colonizing	   different	   cultivars	   of	   the	   same	   host	   (Melotto,	  2008)	  
Ps	  is	  best	  described	  as	  a	  hemibiotrophic	  pathogen	  whose	  strains	  can	  lead	  two	  lifestyles	  (a	  biotrophic	  and	  a	  necrotrophic),	  and	  can	  survive	  as	  an	  epiphytic	  or	  endophytic	  associaiton.	  However,	   there	   is	   little	  understanding	  on	  how	  this	   transition	   from	  one	  phase	   to	  another	  takes	   place.	   It	  may	   be	   likely	   that	  microclimate	   on	   leaf	   surface	   is	   not	   favourable	   for	   the	  bacteria.	   Other	   plausible	   explanations	   are	   that	   Ps	   microbes	   may	   not	   be	   prepared	   to	  withstand	  the	  intracellular	  environment	  or	  more	  likely,	  that	  during	  periods	  of	  the	  disease	  cycle	   stomatal	   entry	   is	   not	   available	   for	   the	   many	   P.syringae	   (Melotto	   et	   al.,	   2008).	   Ps	  pathovars	   produce	   all	   together	   a	   total	   of	   twelve	   known	  phytotoxins,	   some	   of	  which	   are	  tatoxin,	  phaseotoxin,	  syringonice	  and	  coronatine	  (Bender	  et	  al,	  1999).	  
Ps	  bacteria	  can	  cause	  an	  array	  of	  symptoms	  such	  as	  blights,	  leaf	  spots	  or	  galls	  and	  can	  have	  severe	  commercial	  cost	  in	  cultivars	  such	  as	  tomato	  or	  almonds	  (Bender	  et	  al,	  1999).	  	  1.3.1	  P.	  syringae	  pv	  tomato	  DC3000.	  The	   Pseudomonas	   syringae,	   pathovar	   tomato,	   DC3000	   strain	   causes	   strong	   disease	  symptoms	   in	   tomato	   and	   Arabidopsis	   thaliana	   plants.	   Arabidopsis	   plants	   of	   ecotype	  Columbia	   0	   challenged	   with	   Pst	   DC3000	   produce	   grey	   –	   brown	   lesions	   with	   chlorosis	  spreading	   outwards	   (Whalen,	   1991).	   The	   negative	   gram	   bacteria	   Ps	   use	   a	   Type	   Three	  Secretion	  System	  (TTSS)	  in	  order	  to	  cause	  pathogenicity	  by	  injecting	  effector	  proteins	  into	  the	   host’s	   cells.	   There	   are	  more	   than	   thirty-­‐five	   genes	   identified	   in	  Ps	   that	   encode	  TTSS	  substrates.	   DC3000	   manifests	   host	   specificity	   that	   is	   controlled	   by	   ‘gene	   for	   gene’	  interactions	  and	  is	  one	  of	  five	  Ps	  pathovars	  that	  produce	  the	  phytotoxin	  coronatine	  (Buell	  
et	  al.,	  2003;	  Gimenez-­‐Ibanez	  &	  Rathjen,	  2010).	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  1.3.2	  Coronatine.	  Coronatine	  (COR)	  is	  a	  phytotoxin	  produced	  by	  the	  following	  five	  pathovars	  of	  	  P.	  syringae:	  tomato,	   atropurpurea,	   maculicola,	   glycinea	   and	   morsprunorum.	   Outside	   the	   P.	   syringae	  family	  coronatine	  is	  only	  found	  in	  Xanthomonas	  campestris	  (Underwood	  et	  al.,	  2007).	  It	  is	  a	  non	  host-­‐specific	  pathogen	  agent	  and	   therefore	  can	  affect	  a	  broader	  spectrum	  of	  hosts	  than	  the	  Ps	  microbe	  itself.	  	  	  Coronatine’s	   biosynthetic	   pathway	   is	   complex	   and	   not	   fully	   understood.	   Coronatine	   is	  comprised	   of	   two	   moieties	   the	   polyketide	   coronafacic	   acid	   (CFA)	   and	   the	   cyclized	  derivative	   of	   isoleucine	   coronamic	   acid	   (CMA)	   ligated	   by	   combined	   action	   of	   polyketide	  and	   peptide	   synthetases	   (Bender	   et	   al,	   1999;	   Brooks	   et	   al.,	   2005).	   CFA	   is	   structurally	  analogous	   to	   ET	   precursor	   ACC	   whereas	   CMA	   is	   similar	   to	   JA-­‐Ile.	   Consequently,	   CMA’s	  chemical	   structure	   is	   similar	   to	   JA-­‐Ile,	   manipulating	   the	   JA	   signaling	   pathway	   so	   as	   to	  promote	  virulence	  during	  a	  Pst	  infection.	  COR	  binds	  to	  the	  COI1-­‐JAZ	  receptor,	  induces	  JAZ	  degradation	   and	   subsequent	   expression	   of	   JA	   responsive	   genes	   thus	   antagonizing	   SA	  signaling.	  Necessary	   component	   for	  COR	  attachment	   to	  COI1	   is	   the	   InSP5	   (Brooks	  et	   al.,	  2005;	  Shread	  et	  al,	  2010).	  	  Coronatine’s	   contribution	   to	  bacteria	   growth	  as	  well	   as	   symptom	  development	   is	   key	   to	  infection.	   Before	   bacterial	   invasion	   COR	   can	   hinder	   PAMP	   induced	   stomatal	   closure	   by	  antagonizing	   ABA	   signaling.	   This	   type	   of	   early	   defence	   sabotage	   happens	   either	  irrespectively	   or	   downstream	   PAMP	   triggered	   oxidative	   burst.	   Post	   invasion	   COR	   and	  TTEs	   act	   concomitantly	   in	   order	   to	   promote	   JA	   signaling.	   COR	   and	   TTE	   may	   have	  overlapping	  functions.	  Another	  potential	  role	  for	  coronatine	  has	  been	  suggested	  whereby	  COR	  is	  considered	  a	  requisite	  for	  systemic	  induced	  susceptibility	  (SIS)	  manifestation	  (Cui	  
et	  al.,	  2005).	  	  	  1.4	  Botrytis	  cinerea.	  	  
B.	  cinerea	  is	  a	  necrotroph	  fungus	  (kills	  host	  cells	  so	  that	  it	  can	  survive	  on	  the	  dead	  tissue)	  mostly	  known	  for	  economic	  damage	  done	  in	  crops	  such	  as	  grapes,	  vegetables	  and	  berries	  (	  Glazenbrook,	   2005;	   Rosslenbroich	   &	   Stuebler,	   2000).	   It	   flourishes	   in	   hosts	   whose	   cell	  walls	   are	   rich	   in	   pectin	   as	   it	   possesses	   structures	   that	   can	  break	   them	  and	  make	  use	   of	  them	   to	   grow	   on	   (Łazniewska	   et	   al.,	   2009).	   As	   in	  most	   necrotrophs,	   defence	   against	  B.	  
cinerea	   doesn’t	   depend	   neither	   on	   SA	   nor	   SAR;	   instead	   it	   is	   highly	   contingent	   on	   JA/ET	  signaling	  as	  well	  as	  the	  phytoalexin	  camalexin.	  JA	  related	  transcripts	  are	  controlled	  by	  TF	  MYC2	  and	  ET	  related	  ones	  are	  controlled	  by	  ERF	  (Glazenbrook,	  2005).	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2.MATERIALS	  AND	  METHODS	  	  	  2.1	  Plant	  material	  and	  growth	  conditions.	  	  
A.	  thaliana	  knock-­‐out	  (KO)	  mutant	  seeds	  were	  sourced	  from	  NASC	  (see	  Table	  3),	  sown	  in	  a	  mixture	   of	   2/3	   F2	  Levingthons	   compost	   and	  1/3	   vermiculite	   (Sinclair).	   	   Pots	  with	   seeds	  were	   covered	  with	   foil	   and	   put	   for	   2	   days	   in	   the	   dark	   at	   4oC	   to	   vernalize	   before	   being	  transferred	  to	  a	  controlled	  environment	  chamber	  (10h	  light,	  100-­‐125	  μEinstein/m2/sec	  at	  22oC	  day,	  20oC	  night).	  Seedlings	  were	  pricked	  out	  after	   ten	  days	  and	  placed	   in	  sectioned	  (5x5cm)	  black	  disposable	  plastic	  trays	  (24	  pots	  per	  tray).	  Clear	  plastic	  domes	  were	  placed	  on	  top	  of	  trays	  for	  2	  days	  to	  increase	  humidity.	  Plants	  were	  then	  left	  to	  grow	  in	  the	  growth	  room	  for	  4-­‐5	  weeks	  before	  used	  in	  experiments	  (de-­‐Torres-­‐Zabala	  et	  al.,	  2003).	  	  	  	  2.2	  Pathogen	  material.	  	  
Pst	  strains	  used	  were	  as	  follows:	  Pst	  DC3000	  strain	  containing	  the	  empty	  plasmid	  pVSP61	  and	  the	  Pst	  DC3000	  coronatine	  defective	  strain	   	  (Δcfa6Δcma).	  All	  Pst	  strains	  were	  grown	  on	  solidified	  King’s	  B	  (KB;	  King	  et	  al.,	  1954)	  media	  that	  contained	  antibiotics	  for	  selection.	  Antibiotics	  used	  were	  as	  follows:	  DC3000	  pVSP61,	  rifampicin	  50μg	  ml-­‐1	  and	  kanamycin	  25	  μg	  ml-­‐1	   ;	  DC3000	   	  Δcfa6Δcma	   	   ,rifampicin	  50μg	  ml-­‐1	   ,kanamycin	  and	  spectinomycin	  25	  μg	  ml-­‐1(de	  Torres-­‐Zabala	  et	  al.,	  2003)	  	  .	  
B.	   cinerea	   pv	   pepper	   obtained	   from	   I.Bender	   was	   grown	   on	   apricot	   and	   incubated	   in	   a	  controlled	  room	  chamber	  (	  24oC,	  12	  h	  day	  and	  12	  h	  night)	  for	  an	  approximate	  	  seven	  days	  before	  use	  (Denby	  et	  al.	  2004;	  Ferrari	  et	  al.	  2003).	  	  	  	  	  	  	  	  2.3	  Genotyping	  of	  JAZ	  knock-­‐out	  mutants.	  	  	  	  2.3.1	  DNA	  extraction	  protocol.	  Using	  clean	  scissors	  one	  leaf	  was	  cut	  off	  from	  each	  plant	  and	  put	  in	  a	  microcentrifuge	  tube.	  Leaves	  were	   crushed	  with	  a	  pestle	   in	  500	  μl	  of	   Shorty	  buffer	   (0.2M	  Tris-­‐HCL-­‐pH9,	  0.4M	  LiCl,	   25mM	   EDTA,	   1%	   SDS;	   Arabidopsis	   Facility	   Centre,	   University	   of	   Wisconsin	  Biotechnology	  Centre).	   Subsequently,	   500	  μl	   of	  phenol	   chloroform	  was	  added	  and	   tubes	  were	  mixed	  with	  a	  Vortex	  vibrator	  and	  then	  centrifuged	  at	  maximum	  speed	  for	  5	  minutes	  at	   room	   temperature	   (RT).	   Next,	   450ul	   of	   the	   upper	   (aqueous)	   phase	   was	   carefully	  pipetted	  into	  a	  fresh	  microcentrifuge	  tube.	  Nucleic	  acids	  were	  precipitated	  by	  adding	  450	  μl	  of	  isopropanol	  and	  mixing	  by	  inversion.	  Samples	  were	  centrifuged	  again	  for	  10	  minutes	  (max	  speed	  RT)	  and	  all	   liquid	  decanted	  on	  paper	  towel.	  Visible,	  precipitated	  DNA	  pellets	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were	  washed	  with	  200	  μl	  of	  70%	  ethanol,	  vortexed	  briefly,	   spun	  as	  before	  and	  all	   liquid	  decanted	   again.	   Remaining	   liquid	  was	  micro-­‐centrifuged	   again	   and	   removed	   by	   pipette.	  Finally	  DNA	  pellet	  were	  resuspended	  in	  100ul	  of	  water	  by	  a	  vortexing.	  2μl	  of	  each	  sample	  was	  used	  in	  every	  individual	  PCR	  reaction.	  	  	  	  	  2.3.2	  PCR	  	  	  SAIL,	  SALK	  or	  Wisconsin	  DsLox	  lines	  (http://arabidopsis.info;	  appendix,	  Tables	  5	  and	  6)	  were	  screened	  by	  PCR.	  A	  set	  of	  a	  left	  border	  insertion	  specific	  primers	  (Appendix,	  table	  4)	  and	   a	   gene	   specific	   primer	   (Appendix,	   table	   5)	   matching	   the	   T-­‐DNA	   flanking	   sequence	  were	   used	   to	   identify	   homozygous	   jaz	   knock-­‐out	   (KO)	   genotypes.	   A	   set	   of	   two	   gene	  specific	   primers,	   the	   reverse	   being	   the	   same	   as	   above	  with	   the	   exception	   of	   JAZ5,	   were	  used	  to	  identify	  the	  wild	  type	  alleles	  (Appendix,	  table	  6).	  	  Seeds	  were	  obtained	  from	  NASC	  (table	  3).	   	  	  Homozygous	  point	  mutation	  SA	  induction	  deficient	  (sid)	  2-­1	  plants	  were	  screened	  by	  use	  of	   two	   gene	   specific	   primers	   (sid2_3’_IN,	   GGTCACTTCCAGCTACTATCCCTG;	   sid2_5’_ORF,	  GGTGGAAGTTCAATGTTGGCTGCAAC).	   PCR	   product	   was	   then	   digested	   with	   restriction	  enzyme	   Mfe	   (New	   England	   Biolabs)	   (Wildermuth	   et	   al.,	   2001;	   de	   Torres-­‐Zabala	   et	   al.,	  2009).	  	  	  Arabidopsis	  aldehyde	  oxidase	  (aao)	  3	  KO	  mutants	  (SALK	  072361,	  At2g27150,	  N668480)	  and	   wild	   type	   genotypes	   were	   screened	   by	   use	   of	   insertion	   specific	   primer	   LBb1	  (appendix,	  table6)	  and	  gene	  specific	  primers	  (forward 5′-TTCTATTGGAAATGCATTGCC-3′ and	  reverse	  5′-CCATGTCTGCATGTTTCTGTG-3′).	  	  PCR	   reactions	  were	  done	  with	  Taq	  polymerase	   and	   set	   as	   follows:	   (Initial	   denaturation:	  950C	  for	  1min	  50sec,	  denaturation	  34	  cycles	  94	  0C	  for	  30sec,	  anhealing	  X	  0C	  for	  1:00	  min,	  extension	  	  720C	  for	  X’,	  final	  extension	  720C	  for	  5	  min).	  X	  depends	  upon	  the	  specific	  primer	  combination.	  	  	  	  	  	  2.3.3	  Gel	  electrophoresis	  Samples	   were	   loaded	   on	   1.2%	   agarose	   gel	   (low	   EEO,	   Melford)	   containing	   ethidium	  bromide	   (0.2	   μg/μl).	   Gels	   were	   placed	   in	   a	   tank	   with	   1x	   TAE	   (40mM	   Tris,	   2.2mM	  Na2EDTA)	  buffer.	  As	  molecular	  weight	  marker	  we	  used	  ~0.2	  μg	  of	  1	  kb	  DNA	  ladder/lane	  (Fermentas).	  PCR	  products	  were	  visualised	  on	  a	  UV	  transilluminator	  and	  photographed.	  	  Homozygosity	  for	  either	  KO	  mutants	  or	  wild	  type	  lines	  was	  verified	  by	  means	  of	  positive	  and	  negative	  control	  methods	  whereby	  a	  PCR	  reaction	  performed	  with	   insertion	  specific	  primers	  exhibited	  a	  band	  for	  a	  homozygous	  KO	  mutant	  control	  and	  a	  lack	  of	  band	  for	  Col0	  DNA	   and	   vice	   versa	   (see	   Figure	   4).	   	   Heterozygote	   plants	   exhibited	   bands	   for	   both	   PCR	  reactions.	  
	  22	  
sid2-­1	   homozygous	   genotypes	   	   was	   distinguished	   from	   wild	   type	   or	   heterozygous	  genotypes	   due	   to	   difference	   in	   product	   molecular	   weight	   following	   restriction	   enzyme	  	  digestion	  (Figure	  5).	  	  	  2.4	  Generation	  of	  new	  jaz	  mutant	  combinations.	  	  F1	   generation	   plants,	   generated	   through	   previous	   crosses	   (M.Grant	   laboratory,	  unpublished	  data)	   in	   the	   lab	  were	  self-­‐pollinated.	  Seeds	  were	  put	   inside	  paper	  bags	  and	  placed	   in	   a	   320C	   incubator	   for	   3	   days	   so	   that	   they	   dry	   out.	   A	  minimum	  of	   	   twenty-­‐four	  seeds	  per	  plant	  were	  sown	  for	  further	  genotyping	  in	  order	  to	  identify	  homozygous	  plants.	  When	  a	  plant	  was	  identified	  for	  a	  homozygous	  mutant	  allele,	  progeny	  was	  kept	  for	  future	  use.	   Whenever	   genotype	   profile	   was	   not	   the	   one	   required,	   further	   self-­‐pollination	   of	  selected	  plants	  and	  genotypic	  verification	  took	  place.	  	  	  2.5	  	  Pst	  challenges.	  	  
Pst	   bacteria	   were	   grown	   overnight	   in	   liquid	   KB	   (King	   et	   al.,	   1954)	   media	   containing	  antibiotics	  (see	  2.1)	  at	  28oC	  washed	  and	  resuspended	  in	  10	  mM	  MgCl2.	  The	  cell	  density	  was	  adjusted	  by	  use	  of	  spectrophotometer	  to	  OD600	  0.2	  (	  ≈1	  x	  108	  colony	  forming	  units	  (cfu)	  ml-­‐1).	   Further	   dilution	   was	   required	   as	   follows:	   spraying	   0.02	   	   (≈1	   x	   107	   cfu	   ml-­‐1),	   leaf	  infiltrations	  0.002	  (≈1	  x	  106	  cfu	  ml-­‐1)	  and	  0.0002	  (≈1	  x	  105	  cfu	  ml-­‐1).	  Ecotype	  A.	   thaliana	  Col-­‐0	  was	  used	  as	  the	  wild	  type	  control	  in	  all	  experiments	  (De-­‐Torres	  Zabala	  et	  al.,	  2006	  ;	  Katagiri	  	  et	  al.,	  2002).	  	  	  	  2.5.1	  Leaf	  infiltration	  and	  spray	  treatment.	  	  Undamaged	  and	  fully	  expanded	  leaves	  were	  selected	  for	  infiltration.	  Four	  leaves	  of	  each	  A.	  
thaliana	   plant	   were	   slightly	   and	   symmetrically	   nicked	   on	   the	   right	   and	   left	   side	   of	   the	  central	   vascular	   vein	   on	   the	   abaxial	   surface.	   Infiltration	   was	   performed	   with	   a	   1ml	  needleless	   syringe	   upon	   the	   nicks	   until	   the	   whole	   leaf	   was	   infiltrated.	   Any	   excess	   of	  bacteria	   solution	   was	   removed	   by	   gently	   blotting	   the	   leaves	   with	   a	   paper	   towel.	   Pst	  infiltrated	  plants	  were	  then	  transferred	  back	  into	  the	  growth	  room	  for	  three	  to	  four	  days	  depending	  on	  the	  experiment	  (Katagiri	  et	  al.,	  2002;	  de	  Torres-­‐Zabala,	  2003).	  	  Spraying	   solution	   contained	   a	   suspension	   of	   Pst	   (0.02)	   in	   10mM	   MgCl,	   and	   0.02%	  surfactant	   (Silwet).	   Plants	   of	   each	   genotype	   were	   alternately	   positioned	   to	   ensure	   that	  standardized	  spraying	  was	  performed.	  Spraying	  was	  executed	  with	  a	  spraying	  bottle	  and	  ceased	  when	  the	  upper	  epidermis	  was	  fully	  and	  evenly	  covered	  by	  the	  spraying	  solution	  (Katagiri	  et	  al.,	  2002).	  Phenotypes	  were	  qualitatively	  assessed.	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  2.5.2	  Population	  counts	  and	  data	  analysis.	  Three	  to	  four	  days	  post	  syringe	  infiltration	  (dpi)	  (see	  2.2)	  plants	  were	  used	  for	  population	  counting	  procedures.	  One	  disk	  of	  each	  leaf	  and	  a	  total	  of	  3	  disks	  per	  plant	  were	  removed	  with	  a	  disc	  borer	  (number	  2,	  5mm	  diameter),	  pooled	  and	  homogenized	  in	  1	  ml	  of	  10	  mM	  MgCl2	   in	  a	   tissue	   lyser	   (Qiagen,	  West	  Sussex	  UK)	  with	  a	  metallic	  ball.	  A	  set	  of	  3	   to	  5	  10x	  serial	  dilutions	  were	  performed	  by	  transferring	  100	  μl	  of	  each	  lysate/	  dilution	  into	  a	  fresh	  microfuge	  tube	  containing	  900	  μl	  of	  10mM	  MgCl2.	  For	  each	  genotype,	  bacterial	  growth	  was	  determined	  by	  use	  of	  six	  independent	  replicate	  plants.	  Depending	  on	  the	  expected	  susceptibility	  of	  the	  sample,	  four	  chosen	  dilutions	  were	  plated	  in	  solid	  KB	  media	  (King	  et	  al.,	  1954;	  see	  chapter	  2.1).	  For	  each	  dilution,	  six	  10ul	  aliquots	  were	  plated.	  All	  plates	  were	   left	   to	  dry	  out	  under	  a	  Bunsen	  burner	  until	  drops	  were	  not	  visible	  and	  then	  placed	  inside	  a	  28oC	  incubator	  for	  approximately	  two	  days.	  Bacterial	  colonies	  of	  the	  6	  independent	  replicates	  of	  each	  genotype	  were	  counted	  at	  their	  appropriate	  dilution.	  After	  the	  average	  bacterial	  growth	  for	  each	  replicate	  was	  estimated	  the	   standard	   deviation	   was	   plotted.	   Significant	   differences	   in	   the	   standard	   deviation	  between	  genotypes	  were	  determined	  by	  t-­‐test	  (Seize,	  1970).	  	  	  2.6	  	  B.	  cinerea	  inoculations.	  	  
Botrytis	   spores	  growing	  on	  the	   infected	  apricot	   (see	  chapter	  2.2)	  were	  resuspended	   in	  3	  ml	  of	  sterile	  water	  inside	  a	  petri	  dish	  and	  filtered	  through	  Mira	  cloth	  into	  a	  50ml	  tube.	  The	  suspension	  was	   spun	   for	   5	  minutes	   at	   4000g,	  water	  was	   gently	   decanted	   and	   the	  pellet	  was	  resuspended	  in	  2ml	  of	  sterile	  water.	  Spores	  were	  counted	  in	  a	  haemocytometer	  and	  diluted	   to	  105	   spores/ml	   in	  half	   strength	   grape	   juice	   (Denby	  et	   al.,	   2003).	   Infection	  was	  performed	  on	  detached	  leaves	  placed	  on	  top	  of	  a	  0,8%	  agar	  (Melford)	  plate.	  On	  the	  upper	  epidermis	  of	  each	   leaf	   two	  5μl	  were	  pipetted	  symmetrically	  on	   the	   right	  and	   left	   side	  of	  central	  vascular	  vein.	  Plates	  were	  sealed	  with	  parafilm	  tape	  and	  incubated	  in	  a	  controlled	  environment	  growth	  room	  (24oC,	  12	  h	  day,	  12h	  night	  )	  for	  2-­‐3	  days	  (Ferrari	  et	  al.,	  2003).	  	  	  2.7	  Construct	  generation.	  	  	  We	  decided	  to	  generate	  transgenic	  plants	  expressing,	  either	  JAZ5,	  JAZ7	  or	  JAZ10,	  epitope-­‐tagged	  at	  the	  N	  terminus	  (HA	  or	  MYC)	  and	  under	  the	  control	  of	  their	  own	  promoter.	  	  For	  this	  purpose,	  a	  two–	  step	  fusion	  PCR	  strategy	  was	  deployed	  (Figure	  2).	  	  During	  step	  one,	  three	  independent	  PCR	  are	  performed	  to	  generate	  the	  desired	  products	  (Appendix,	  fusion	  PCR	  sequences):	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-­‐PCR1	   for	   generation	   of	   the	   gene’s	   promoter	   product	   using	  Arabidopsis	   genomic	  DNA	  as	  a	  template	  and	  using	  primers	  P1	  forward	  and	  P2	  reverse	  (Appendix,	  Tables	  7	  &	  8)	  	  -­‐PCR2	   for	   generation	   of	   the	   triple	   HA	   and	   triple	   MYC	   products	   using	   plasmid	  CD3_605	  or	  plasmid	  CD_606	   respectively	   as	   a	   template	   and	  primers	  P3	   forward	   and	  P4	  reverse;	  Appendix,	  Tables	  7	  &	  8)	  -­‐PCR3	   for	   generation	   of	   the	   gene’s	   Open	   Reading	   Frame	   (ORF)	   coding	   sequence	  product	   using	  Arabidopsis	   genomic	   DNA	   as	   a	   template	   and	   primers	   P5	   forward	   and	   P6	  reverse	  (Appendix,	  Tables	  7	  &	  8)	  So	  as	  to	  achieve	  annealing	  of	  the	  above	  templates	  during	  step	  two,	  the	  5’	  end	  of	  P3	  carries	  an	  additional	  tail	  of	  approximately	  20-­‐30	  nucleotides	  complementary	  to	  the	  3’	  end	  of	  the	  promoter.	   Conversely,	   the	   5’	   end	   of	   P4	   is	   complementary	   to	   the	   5’	   end	   of	   the	   coding	  sequence.	  During	  step	  two	  all	  above	  templates	  (promoter,	   tag	  and	  ORF	  coding	  sequence)	  are	   fused	  together	  by	  use	  of	  nested	  primers	  P7	  and	  P8	  into	  one	  single	  fragment.	  Each	  of	  the	  nested	  primers	   contains	   a	   recognition	   site	   for	   a	   restriction	   enzyme,	  which	  will	   be	   used	   for	   the	  cloning	  in	  the	  binary	  vector.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  
Figure	  2:	  Schematic	  diagram	  of	  the	  two-­‐step	  fusion	  PCR	  strategy	  for	  the	  generation	  of	  an	  epitope	  tagged	  gene	  coding	   fragment.	   a)	   The	   endogenous	   promoter,	   tag	   and	   ORF	   products	   are	   separately	   amplified	   by	   use	   of	  specific	  primers	   (P1-­‐P6).	  P1	   forward	  and	  P2	   reverse	  primers	  are	  used	   to	  amplify	   the	  promoter	  product.	  P3	  forward	  and	  P4	  reverse	  primers	  both	  containing	  overhang	  tails	  with	  the	  3’	  end	  of	  the	  promoter	  region	  and	  5’	  end	  of	   the	  ORF	  respectively	  were	  used	   to	  amplify	   the	   tag	  product.	  b)	  The	   fusion	  PCR	  reaction	   is	  performed	  using	   the	   nested	   primers,	   P7	   and	   P8	   	   	   and	   the	   promoter,	   tag	   and	  ORF	   products	   as	   templates	   in	   equimolar	  concentration.	   c)	   The	   final	   tagged	   gene	   sequence.	   The	   fusion	   PCR	   product	   will	   later	   be	   digested	   with	  restriction	  endonoucleases	  HindIII	  or	  EcoRI	  and	  SmaI.	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  All	  PCR	   reactions	  were	  done	  with	  high	  affinity	  phusion	  polymerase	   (F-­‐530,	  Finzymmes)	  and	  all	  products	   confirmed	  by	  agarose	  electrophoresis.	  PCR	  reactions	  were	  of	  50μl	  each	  and	   annealing	   temperature	  was	   set	   at	   about	   3-­‐6oC	   lower	   than	   the	  melting	   temperature	  recommended	   by	   Finnzymes.	   PCR	   settings	   were	   as	   follows:	   hot-­‐start	   cycle:	   initial	  denaturation	  98oC,	  00:30”;	  37	  cycles:	  denaturation	  98oC,	  00:10”;	  annealing	  XoC,	  1’:30”	  and	  end	  cycle:	  72oC,	  7’:30”).	  Every	  PCR	  product	  corresponding	  to	  the	  promoter,	  tag	  or	  ORF	  was	  gel	   purified	  with	   the	   Qiagen	   Qiaquick	   kit	   (Qiagen,	  West	   Sussex	   UK).	   In	   order	   to	   ensure	  equimolar	   amounts	   of	   the	   PCR	   products	   so	   as	   to	   achieve	   the	   final	   fusion	   PCR,	  quantification	  was	  done	  through	  comparison	  with	  in	  the	  100bp	  DNA	  ladder	  (New	  England	  Biolabs).	  	  	  	  	  A	  purification	  step	  as	  previously	  described	  is	  performed	  in	  the	  final	  fusion	  products	  prior	  to	  a	  cleavage	  step	  with	  restriction	  endonucleases.	  For	  JAZ5	  and	  JAZ7	  final	  fusion	  products,	  	  HindIII	   and	   SmaI	   restriction	   endonucleases	  were	  used	   at	   the	  5’	   and	  3’	   end	   respectively.	  For	  JAZ10	  final	  fusion	  product,	  EcoRI	  and	  SmaI	  restriction	  endonucleases	  were	  used	  at	  the	  5’	  end	  and	  3’	  end.	  All	   final	  products	  were	  cloned	  into	  both	  a	  pCambia	  1302	  (hygromycin	  selection)	  vector	  and	  a	  pCambia	  3201	  vector	  (Basta	  selection),	  pCambia	  (Figure	  3).	  	  	  
	  
Figure	   3:	   The	   MYC	   tagged	   JAZ5	   (At1g17380)	   gene	   construct.	   Following	   the	   JAZ5	   fusion	   PCR	   cleave	   with	  restriction	  endonucleases	  HindIII	  and	  SmaI,	   the	  sequence	  is	   inserted	  by	  ligation	  in	  the	  pCambia	  1302	  vector	  (pCambia).	  The	  vector	  was	  cleaved	  with	  restriction	  endonucleases	  HindIII	  and	  PmlI	  in	  the	  regions	  indicated	  on	  the	   scheme	   previous	   to	   the	   insertion	   of	   the	   fusion	   PCR	   sequence.	   The	   pCambia	   1302	   plasmid	   carries	   a	  hygromycin	  plant	   selection	   gene	   as	  well	   as	   a	   kanamycin	  bacterial	   selection	   gene.	  The	  DNA	   region	   spanning	  from	   the	   left	   to	   the	   right	   T-­‐Border	   will	   be	   inserted	   into	   the	   Arabidopsis	   genome	   through	   Agrobacterium	  
tumefaciens	  mediated	  transformation.	  pCambia	  1302	  	  also	  carries	  a	  CAMV35S	  promoter	  for	  the	  expression	  of	  the	  hygromycin	  plant	  selection	  gene.	  Final	  construct	  molecular	  weight	  amounts	  to	  12240	  base	  pairs	  (bp).	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3.	  RESULTS	  
	  	  3.1	  Genotyping	  and	  generation	  of	  new	  jaz	  mutant	  genotypes.	  	  As	   mentioned	   in	   chapter	   2.3,	   JA	   is	   a	   crucial	   plant	   hormone	   that	   contributes	   to	   plant	  susceptibility	   following	   infection	   with	   Pst	   (Glazenbrook,	   2005).	   Key	   elements	   of	   the	   JA	  signalling	  pathway	  are	   the	   JAZ	   transcription	  repressor	  proteins	   (Chin	  et	  al.,	  2007;	  Xie	  et	  
al.,	   1998).	   The	   SAIL,	   SALK	   and	  WiscDsLox	   jaz	   KO	   lines	   are	   loss	   of	   function	   insertional	  mutants	   that	   lack	   the	   ability	   to	   express	   certain	   JAZ	   proteins	   (http://arabidopsis.info).	  Previous	   work	   done	   in	   the	   laboratory	   (Murray	   Grant	   laboratory,	   unpublished	   data)	  provided	   jaz	   KO	   mutants	   who	   have	   been	   crossed	   in	   order	   to	   produce	   homozygous	  multiple	   jaz	  KO	  progeny.	  The	  aim	  behind	   this	  was	   to	  elucidate	   through	  experimentation	  with	   the	  different	   jaz	  KO	  genotypes	   the	  putative	   role	   and	   importance	  of	   each	  of	   the	   JAZ	  proteins	   during	   infection.	   jaz	   	   crosses	   were	   generated	   in	   order	   to	   establish	   potential	  synergy	  between	  JAZs.	  	  For	   the	   above	   purpose,	   following	   procedures	   mentioned	   on	   chapter	   2.3,	   single	   and	  multiple	  jaz	  KO	  crosses	  were	  genotype	  in	  order	  to	  generate	  a	  seed	  stock	  bank	  that	  would	  allow	   further	   research.	   F2	   and	   F3	   generations	   of	   double	   and	   triple	   jaz	   crosses	   were	  produced	  and	  genotyped	   in	  order	   to	   identify	  homozygote.	   	  Double	  and	  triple	  KO	  crosses	  were	  chosen	  for	  identification	  based	  on	  results	  generated	  during	  previous	  research	  in	  the	  laboratory	  (Murray	  Grant	  laboratory,	  unpublished	  data).	  
Table	  1:	  Single,	  double	  and	  triple	  jaz	  	  loss	  of	  function	  KO	  mutants	  generated	  and	  genotyped.	  	  In	  order	  to	  establish	  the	  role	  of	  JAZ	  proteins	  in	  plant	  infection,	  as	  well	  as	  a	  potential	  	  synergism	  or	  any	  potential	  differentiation	  in	  their	  function,	  we	  identified	  and	  generated	  the	  following	  genotypes.	  	  Single	  KO	  mutants	  
• jaz	  5	  
• jaz	  10	  
• jaz	  4	  
• jaz	  6	  
• jaz	  7	  
• jaz	  12	  
• jaz	  8	  
	  
	  KO	  mutant	  crosses	  	  
• jaz	  2/7	  
• jaz	  5/7	  
• jaz	  6/7	  
• jaz	  5/10	  
• jaz	  7/10	  
• jaz	  3/5/10	  
• jaz	  6/5/10	  
• jaz	  7/5/10	  
	  	  Below	  is	  a	  representative	  gel	  of	  	  jaz	  5/10	  mutant	  genotyping	  (Figure	  4).	  In	  this	  trial	  twelve	  individual	   Arabidopsis	   replicates	   were	   screened	   in	   order	   to	   verify	   whether	   they	   carry	  homozygous	   insertion	   alleles	   for	   the	   JAZ5	   and	   JAZ10	   genes.	   In	   line	   with	   procedures	  explained	  in	  chapter	  2.3,	  each	  of	  the	  plants	  is	  represented	  with	  four	  PCR,	  two	  that	  aim	  to	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define	  whether	  they	  are	  homozygous	  for	  insertion	  alleles	  for	  gene	  JAZ10	  and	  JAZ5	  (Figure	  4,a	   panels)	   and	   another	   two	   that	   aim	   to	   determine	  whether	   they	   carry	   homozygous	  KO	  alleles	   for	   the	  same	  genes	  (Figure	  4,b	  panels).	   In	  both	  gels	  as	  well	  as	  panels	  a	  and	  b	   the	  representative	   PCR	   for	   each	  Arabidopsis	   plant	   are	   placed	   in	   numerical	   order	   from	  plant	  number	  one	  to	  plant	  number	  twelve	  and	  separated	  from	  the	  control	  PCR	  reactions	  by	  the	  100bp	   DNA	   ladder	   (New	   England	   Biolabs).	   The	   homozygous	   plants	   for	   KO	   mutation	  display	   bands	   on	   PCR	   reactions	   shown	   on	   the	   lower	   panel	   b	   same	   as	   the	   Col0	   control	  samples.	   The	   homozygous	  Arabidopsis	   plants	   for	   the	  wild	   type	   alleles	   display	   bands	   on	  PCR	  reactions	  shown	  on	  panel	  a	  same	  as	  the	  control	  jaz10	  and	  jaz5	  samples	  on	  the	  same	  panel.	  
	  
	  
	  
Figure	   4:	   Positive	   and	   negative	   control	   genotyping.	   Identification	   of	   the	   jaz5	   and	   	   jaz10	   	   loss	   of	   function	  mutation	  on	   twelve	   independent	  Arabidopsis	   plants.	  Panel	  a:	   PCR	  products	  generated	  with	  wild	   type	  genes	  specific	  primers.	  	  Amplified	  PCR	  products	  are	  present	  in	  plants	  that	  carry	  the	  wild	  type	  allele.	  Wild	  type	  JAZ5	  
Arabidopsis	  produce	  a	  band	  of	  431bp.	  The	  molecular	  weight	  of	  the	  band	  produced	  by	  wild	  type	  JAZ10	   is	  245	  bp.	   Control	   PCR	   reactions	   are	   done	   using	   homozygote	   jaz	   and	   Col0	   DNA	   as	   a	   template.	   This	   PCR	   reaction	  produces	  the	  correct	  amplicon	  only	   in	  Col0	  plants.	   jaz	   	  homozygote	  display	  no	  band.	  Panel	  b:	  PCR	  products	  generated	  with	  appropriate	  insertion	  and	  gene	  specific	  primers.	  Amplification	  occurs	  only	  in	  plants	  where	  the	  insertion	   in	  the	  respective	  gene	   is	  present.	  Amplicons	  for	   jaz5	  are	  500bp	  and	  for	   jaz10	  ≈200bp.In	  this	  panel	  	  Col0	   	   DNA	   cannot	   be	   amplified	   whereas	   the	   homozygote	   jaz5	   and	   jaz10	   produce	   a	   band	   of	   the	   right	   size.	  Replicates	  5-­‐10	  and	  12	  are	  jaz5/10	  homozygous	  double	  mutants.	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As	  mentioned	  in	  chapter	  1.2.3	  hormone	  interactions	  and	  crosstalk	  are	  very	  complex.	  After	  
Pst	   invasion	   JA	   and	   ABA	   are	   known	   to	   act	   as	   negative	   regulators	   of	   plant	   resistance	  counteracting	   SA	   function.	   As	   JA	   causes	   SA	   suppression	   through	   MYC2	   function	   the	  influence	  of	  JAZ	  	  transcription	  repressors	  in	  this	  dynamic	  is	  inevitable	  (Glazenbrook,	  2005;	  Bari	  &	  Jones,	  	  2008).	  In	  order	  to	  further	  examine	  the	  role	  of	  JAZ	  repressors	  as	  well	  as	  their	  potential	  impact	  in	  hormone	  interaction,	  we	  decided	  to	  review	  phenotype	  manifestation	  of	  the	  jaz	  mutants	  in	  a	  hormone	  deficient	  background.	  	  	  The	  aao3	  and	  sid2-­1	  mutants	  were	  chosen	  due	  to	  their	  inability	  to	  biosynthesize	  ABA	  and	  SA	  respectively.	  In	  specific,	  aao3	   is	  a	  T-­‐DNA	  knockout	  mutant	  defective	  in	  AAO3	  which	  encodes	  for	  the	  aldehyde	  oxidase	  (AO)	  isoform	  AOδ.	  The	  
aao3	   	   defectiveness	   leads	   to	  an	   inability	  of	   	   abscisic	   aldehyde	   (ABAld)	   to	  be	  oxidised	  by	  AOδ	  into	  ABA	  thus	  causing	  ABA	  deficiency	  (Seo	  et	  al.,	  2004).	  The	  sid2-­1	  mutant	  contains	  a	  point	  mutation	  in	  exon	  IX,	  449	  residue,	  SID2-­1	  allele,	  that	  results	  in	  a	  stop	  codon	  instead	  of	  glutamine	   thus	   affecting	   the	   ICS1	   pathway	   and	   causing	   the	   plant	   to	   be	   deficient	   in	   the	  induction	  of	  SA	  accumulation	  (Nawrath	  &	  Métraux,	  1999;	  Wildermuth,	  2001;	  Figure	  5)For	  this	  purpose,	  we	  created	  a	  collection	  of	  seeds	  consisting	  of	  different	  genotypes	  that	  were	  the	  result	  of	  jaz	  crosses	  with	  aao3	  and	  sid2-­1	  mutants.	  Based	  on	  preliminary	  work	  done	  in	  the	  lab	  we	  generated	  and	  identified	  the	  homozygous	  genotypes	  shown	  in	  table	  two	  by	  self	  pollinating	  plants	  of	  F2	  and	  F3	  generation.	  	  	  
	  	  
Figure	  5:	  	  Cleavage	  by	  use	  of	  restriction	  enzyme	  in	  order	  to	  identify	  sid2-­1	  point	  mutation.	  PCR	  products	  from	  independent	   Arabidopsis	   replicates	   were	   initially	   amplified	   by	   sid2-­1	   specific	   primers	   and	   subsequently	  cleaved	  with	  the	  Mfe	  restriction	  endonuclease.	  PCR	  products	  originating	  from	  Arabidopsis	  plants	  homozygous	  for	   the	   sid2-­1	   point	   mutation	   display	   one	   single	   band	   and	   are	   indicated	   with	   the	   letter	   s.	   Heterozygous	  replicates	  that	  carry	  the	  sid2-­1	  as	  well	  as	  the	  wild	  type	  and	  produce	  three	  bands	  are	  indicated	  with	  the	  letter	  h.	  Homozygous	  wild	  type	  plants	  exhibit	  the	  two	  lower	  bands	  and	  are	  indicated	  with	  the	  letters	  WT.	  	  Controls	  for	  the	  digestion	  are	  Col0	  and	  sid2-­1	  homozygotes.1%	  agarose	  gel.	  Molecular	  markers	  are	  indicated	  with	  the	  letter	  L	  (1kb	  gene	  ruler,	  Fermentas).	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Table	   2:	  Hormone	   deficient	   double,	   triple	   and	   quadruple	   jaz	  mutants	   generated.	   	   In	   order	   to	   elucidate	   the	  effect	  of	  the	  jaz	  mutation	  in	  hormone	  deficient	  background	  the	  following	  crosses	  F2	  and	  F3	  generations	  have	  been	  identified	  through	  PCR	  genotyping.	  	  	   	   	  	  	  	  	  	  	  	  Double	  mutants	  
• jaz5/aao3	  
• jaz10/sid2-­1	  	  
	  	  	  	  	  	  	  Triple	  mutants	  
• jaz5/jaz10/aa03	  
• jaz5/aao3/sid2-­1	   	  	  	  	  	  	  	  	  Quadruple	  mutant	  • jaz5/jaz10/aao3/sid2-­1	  
	  
	  3.2	  Pathogenicity	  tests	  on	  jaz	  knock-­‐out	  mutants.	  	  	  	  3.2.1	  The	  impact	  of	  the	  jaz	  mutations	  on	  the	  outcome	  of	  infection.	  	  	  	  	  3.2.1.a	  The	  stark	  chlorotic	  phenotypes	  of	  jaz10	  and	  jaz5/10.	  	  In	  order	  to	  assess	  the	  contribution	  of	  JAZ	  proteins	  in	  plant	  defence	  through	  their	  impact	  on	  leaf	  chlorosis,	  we	  systematically	  spray	  inoculated	  every	  jaz	  single	  KO	  with	  DC3000.	  Amongst	  all	  the	  single	  mutants	  challenged	  with	  DC3000,	  jaz10	  was	  the	  only	  single	  mutant	  exhibiting	  stronger	  leaf	  chlorosis	  after	  DC3000	  challenge	  than	  Col-­‐0	  wild	  type	  (Figure	  9a).	  	  	  Furthermore,	  in	  order	  to	  examine	  whether	   jaz	  mutations	  had	  and	  additive	  effect	  in	  plant	  defence,	   available	   double	  mutants	  were	   spray-­‐inoculated	  with	  DC3000.	   Amongst	   all	   the	  double	  mutants	  challenged	  with	  DC3000,	   jaz5/10	  was	  the	  only	  double	  mutant	  exhibiting	  stronger	  leaf	  chlorosis	  than	  the	  corresponding	  single	  KO	  mutants	  when	  compared	  to	  Col0	  	  (Figure	  6).	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Figure	  6:	  Strong	  chlorotic	  jaz5/10	  phenotype	  following	  DC3000	  spraying.	  	  3.2.1.b	  jaz5/10	  is	  a	  unique	  and	  loss	  of	  function	  combination	  that	  causes	  a	  dominant	  phenotype	  amongst	  the	  JAZs.	  	  	  With	   the	   purpose	   of	   elucidating	   any	   possible	   interactions	   between	   jaz10	   as	   well	   as	   jaz	  
5/10	   with	   other	   knocked-­‐out	   JAZ	   proteins	   in	   terms	   of	   chlorosis	   development,	   jaz	   KO	  genotypes	   generated	   (see	   chapter	   3.1)	   were	   infiltrated	   with	   a	   0.002cfu	   Pst	   inoculum.	  Previous	  laboratory	  experiments	  (Murray	  Grant	  laboratory,	  unpublished	  data)	  suggested	  that	  the	  jaz7	  mutation	  might	  have	  a	  counteractive	  effect	  on	  the	  jaz10	  and	  jaz5/10	  chlorotic	  phenotypes.	  Furthermore,	   in	  order	   to	  examine	  a	  possible	  counteractive	  effect	  of	   jaz7	  we	  also	   infected	   by	   infiltration	   the	   several	   double	   mutants	   of	   jaz7	   generated	   previously	  (Table	  1).	  	  During	   this	   project	   a	   counteractive	   impact	   of	   jaz7	   mutation	   could	   not	   be	   reproduced	  (Figure	  5b,	  7	  &	  8,	  Appendix	  Figure	  18).	   In	  order	   to	  understand	   the	   JAZ10,	  a	  comparison	  between	   jaz5/10	  and	   jaz7/10	  was	  carried	  out.	  Whilst	   jaz5/10	  remained	  the	  one	  with	  the	  most	   drastic	   chlorosis,	   jaz7/10	   showed	   similar	   chlorotic	   phenotypes	   to	   jaz10	   (Figure	   7;	  table3).	   With	   the	   exclusion	   of	   jaz7/10	   double	   mutants	   of	   jaz7	   background	   had	   no	  significant	  difference	  from	  Col-­‐0	  Arabidopsis	  plants	  (see	  appendix,	  Figure	  18;	  Table	  3).	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Figure	  7:	  Higher	  levels	  of	  chlorosis	  	  in	  Pst	   	  infiltrated	  	  Arabidopsis	  replicates	  caused	  	  by	  simultaneous	  loss	  of	  function	   of	   JAZ5	   and	   JAZ10.	   	   a)	   The	   jaz5/10	   chlorotic	   phenotype	   is	   markedly	   stronger	   than	   that	   of	   jaz10.	  However,	  surprisingly	  the	  jaz10	  mutants	  are	  more	  chlorotic	  than	  jaz5	  genotype.	  b)	  A	  counteractive	  role	  of	  jaz7	  could	  not	  be	  substantiated.	  Leaf	  chlorosis	  in	  jaz7/10	  mutants	  does	  not	  deviate	  significantly	  from	  that	  of	  jaz10	  	  but	  is	  notably	  less	  than	  that	  of	  jaz5/10	  	  and	  jaz7/5/10	  mutants.	  In	   order	   to	   determine	   whether	   the	   addition	   of	   an	   additional	   jaz	   KO	   gene	   can	   alter	   the	  
jaz5/10	   chlorotic	   phenotype	   we	   infiltrated	   jaz	   triple	   mutants	   with	   Pst	   DC3000.	   All	  
Arabidopsis	   triple	   mutant	   genotypes	   previously	   generated	   (Table	   1)	   tested.	   Our	  experiments	   suggest	   that	   the	   addition	   of	   an	   extra	   jaz	   KO	   gene	   appears	   to	   have	   no	  additional	  effect	  on	  the	  jaz5/10	  phenotype.	  However,	  the	  case	  of	  additional	  increase	  in	  leaf	  chlorosis	  of	  jaz3/5/10	  as	  well	  as	  jaz7/5/10	  mutants	  should	  be	  further	  investigated	  (Figure	  8;	  table	  3).	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  
Figure	  8:	   	  The	  jaz5/10	  phenotype	  is	  predominantly	  not	  altered	  in	  triple	  mutants	  that	  carry	  an	  additional	  jaz	  KO	   gene.	   	   As	   leaves	   in	   jaz7/5/10	   and	   jaz3/5/10	   seem	   to	   be	   somewhat	   undersized	   further	   trials	  with	   those	  mutants	  can	  establish	  whether	  a	  more	  chlorotic	  phenotype	   to	   jaz5/10	   is	   indeed	   the	  case.	  Blue	  dots	   indicate	  infiltrated	  leaves.	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Table	  3:	  jaz	  KO	  mutant	  leaf	  chlorosis	  following	  Pst	  DC3000pVSP61	  treatment	  collated	  with	  Col0	  leaf	  chlorosis.	  Chlorosis	  is	  represented	  on	  a	  scale	  of	  0	  to	  10	  .0	  indicating	  no	  difference	  and	  10	  representing	  increased	  chlorosis	  in	  comparison	  to	  the	  wild	  type	  control.	  A	  mixed	  phenotypic	  response	  and	  the	  relevant	  range	  are	  stated.	  JAZ	  KO	  mutants	    NASC	  number Phenotype	  	  (leaf	  chlorosis) 
 jaz 2 (At1g74950) N657356 0 
 jaz 3 (At3g17860) N660625 － 
 jaz 4 (At1g48500) N664182              0 
 jaz 5 (At1g17380) N553775              2.5 
 jaz 6 (At1g72450)         N878214 0 
 jaz 7 (At2g34600) N849196 0 
 jaz 10 (At5g13220) N872819 5 
Single 
 jaz 12 (At5g20900) N678503 0 
KO	  Mutant	  crosses	      
 jaz 5/6  0 
 jaz 5/7  0-2.5 
 jaz 5/10  7.5 
 jaz 6/7  0 
Double 
 jaz 7/10  5 
 jaz 2/5/10  7.5 
 jaz 3/5/10  7.5-10 
 jaz 6/5/10  7.5 
Triple 
 jaz 7/5/10  7.5-10 	  	  3.2.1.c	  Chlorotic	  symptoms	  are100%	  linked	  to	  the	  presence	  of	  coronatine.	   	  The	  phytotoxin	  coronatine,	  mimic	  of	  the	  bioactive	  form	  of	  jasmonate	  JA-­‐Ile,	  has	  long	  been	  established	  as	  a	  virulence	  factor	  of	  Pst	  (Brooks	  et	  al.,	  2005	  ).	  Coronatine	  binds	  to	  the	  SCF-­‐COI1/JAZ	   co-­‐receptor	   causing	   the	   degradation	   of	   JAZ	   transcription	   repressors	   which	   in	  turn	   instigates	   further	   biosynthesis	   of	   jasmonic	   acid	   (Browse,	   2009;	   Staswick,	   2004).	   In	  order	  to	  examine	  whether	  and	  to	  which	  extent	  there	  is	  a	  relation	  between	  coronatine	  and	  the	  chlorotic	  phenotypes	  of	  jaz10	  and	  jaz5/10	  produced	  earlier	  we	  carried	  out	  infiltration	  and	   spraying	   trials.	   As	   before	   other	   jaz	   KO	   genotypes	   were	   also	   examined.	   Arabidopsis	  replicates	   sprayed	   and	   infiltrated	   with	   the	   DC3000	   coronatine	   deficient	   strain	  	  (Δcfa6Δcma)	  versus	  DC3000.	  As	   illustrated	   in	  Figures	  9	  and	  10	  neither	  Col-­‐0	  nor	  the	   jaz	  KO	  mutants	  displayed	  practically	  any	  chlorosis	  after	  cor-­‐	  challenger	  (Figure	  9).	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Figure	  9:	  DC3000	   requires	   coronatine	   to	   induce	   chlorosis	   in	   spray	   treatment	  a)	   Chlorotic	   leaves	   following	  DC3000	  spraying	  b)	  No	  symptom	  development	  on	  jaz	  KO	  mutants	  after	  Δcfa6Δcma	  	  	  spraying.	  	  
	  
	  
Figure	  10:	  Chlorosis	   in	  DC3000	   infiltrated	   jaz	  mutants	   is	   100%	   linked	   to	   coronatine	  a)	   Leaf	   chlorosis	   72h	  after	  DC3000	  infiltration	  in	   jaz5/10	  and	   jaz10	  mutants	  b)	  Nearly	  no	  symptom	  development	  72	  hpi	  following	  
Δcfa6Δcma	  infiltration	  in	  all	  of	  the	  genotypes	  examined.	  	  	  3.2.1.d	  The	  susceptible	  genotype	  jaz5/10	  is	  subject	  to	  a	  threshold	  level	  of	  bacteria.	  	  In	  order	   to	  establish	  whether	   increased	  chlorosis	   in	   jaz10	   and	   jaz5/10	   genotypes	  would	  correspond	  with	  increased	  bacterial	  populations	  we	  challenged	  A.	  thaliana	  single	  KO	  and	  multiple	  jaz	  KO	  mutants	  by	  Pst	  infiltration	  and	  quantitatively	  assessed	  bacterial	  growth	  as	  described	  previously	  on	   chapter	  2.5.2.	  Other	   single	   and	  multiple	  KO	   jaz	   genotypes	  were	  also	  examined	  alike	  so	  as	  to	  confirm	  whether	  phenotype	  reflects	  bacterial	  growth.	  Two	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different	  inocula	  concentrations	  (0.0002cfu	  and	  0.002cfu)	  were	  used	  due	  to	  the	  fact	  that	  3	  days	   post	   infiltration	   a	   0.0002cfu	   treatment	   could	   not	   produce	   significant	   difference	  between	  any	  of	  the	  jaz	  mutants	  and	  Col0.	  	  Whilst	  there	  was	  no	  difference	  between	   jaz	  KO	  mutants	  and	  Col-­‐0	  under	  lower	  inoculum	  treatment	  (Figure	  11a),	  there	  was	  a	  significant	  increase	  in	  bacteria	  growth	  in	  and	  jaz5/10	  mutants	  compared	  to	  Col0	  after	  infiltration	  with	  0.002cfu	  Pst	   .	  Furthermore,	  a	  difference	  between	   the	   more	   chlorotic	   genotypes	   of	   jaz5/10	   and	   jaz10	   was	   evident.	   Although	  bacterial	   growth	   in	   jaz10	   had	   no	   significant	   difference	   to	   Col0,	   the	   Pst	   populations	   in	  
jaz5/10	  were	  significantly	  higher	  (Figure	  11b).	  
	  
Figure	   11:	   Bacterial	   population	   growth	   72h	   after	   inoculation	   with	   Pst.	   a)	   No	   difference	   between	   jaz	   KO	  mutants	  and	  Col0	  after	  treatment	  with	  0.0002	  cfu	  inoculum	  b)	  jaz5/10	  increased	  bacterial	  growth	  after	  0.002	  cfu	  inoculum.	  The	  average	  of	  six	  independent	  replicates	  is	  represented	  ±	  SD.	  	  3.2.2	  The	  effect	  of	  the	  jaz	  mutation	  in	  hormone	  deficient	  background.	  	  
	  	  	  3.2.2.a	  Rapid	  collapse	  of	  leaf	  tissue	  in	  the	  quadruple	  mutant	  jaz5/jaz10/aao3/sid2-­1	  following	  DC3000	  infiltration.	  
	  	  After	  inoculation	  of	  aao3	  and	  sid2-­1	  mutants	  (Figure	  12)	  jaz5/jaz10/aao3/sid2-­1	  mutants	  exhibited	  marked	  and	  rapid	  collapse	  of	  leaf	  tissue	  that	  was	  stronger	  than	  the	  one	  in	  sid2-­1	  lines.	   	   From	  all	   genotypes	   the	  quadruple	   jaz5/jaz10/aao3/sid2-­1,	   jaz5/10	   and	   the	   sid2-­1	  mutants	   showcased	   a	   notably	   more	   chlorotic	   phenotype	   with	   sid2-­1	   lines	   expressing	   a	  different	   manifestation	   of	   chlorosis	   than	   jaz5/10	   mutants.	   Instead	   of	   being	   uniformly	  dispersed,	  jaz5/10	  plants	  exhibited	  stronger	  chlorosis	  in	  yellow	  patch-­‐like	  areas	  along	  the	  inoculated	   abaxial	   surface.	   Again	   a	   cor-­‐	   treatment	   was	   used	   to	   reproduce	   a	   coronatine	  insensitive	   phenotype.	   Results	   regarding	   the	   jaz5/10	   genotype	  were	   in	   agreement	  with	  data	  generated	  on	  previous	  spraying	  treatments,	  chapter	  3.2.1.a.	  (Fig.	  10)	  with	  Δcfa6Δcma	  inoculated	   plants	   having	   nearly	   no	   chlorotic	   symptoms.	   However,	   difference	   between	  chlorosis	   between	   DC3000	   and	   Δcfa6Δcma	   treatment	   was	   less	   striking	   in	   sid2-­1	   and	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quadruple	  jaz5/jaz10/aao3/sid2-­1	  mutants.	  In	  addition,	  the	  Δcfa6Δcma	  treated	  quadruple	  mutant	  does	  not	  display	   the	   rapid	   collapse	   evident	   in	   the	  DC3000	   infected	   independent	  replicates.	  
	  
Figure	  12:	  DC3000	  induced	  rapid	  collapse	  of	  the	  quadruple	  mutants	  and	  the	  partially	  coronatine	  dependent	  chlorosis	  of	  the	  sid2-­1	  genotypes	  a)	  DC3000	  infiltration	  b)	  Δcfa6ΔCMA	  infiltration.	  	  Juxtaposition	  of	  jaz5/10	  to	  
sid2-­1	   related	   phenotypes	   reveals	   the	   different	   manifestation	   of	   chlorosis	   that	   in	   sid2-­1	   is	   only	   partially	  dependent	  on	  coronatine.	  The	  striking	  collapse	  of	  tissue	  of	  the	  quadruple	  mutant	  jaz5/jaz10/aao3/sid2-­in	  the	  absence	  of	  	  SA	  and	  jaz5/10	  vital	  defence	  	  mechanisms	  and	  the	  milder	  chlorosis	  in	  aao3	  mutants.	  On	   qualitative	   analyses	   of	   phenotypes	   of	   both	   inoculation	   (Figure	   12)	   and	   spray	  treatments	  the	  ABA	  deficient	  aao3	   lines	  displayed	  reduced	  overall	  chlorosis.	  The	  level	  of	  effect	  of	  ABA	  deficiency	  was	  dependent	  on	  the	  challenged	  sample’s	  genotypic	  profile	  with	  single	  aao3	  Arabidopsis	  plants	  being	  the	  most	  resistant.	  sid2-­1/aao3	  Arabidopsis	  mutants	  were	  highly	  altered	  by	  the	  impact	  of	  aao3	  	  having	  less	  chlorotic	  symptoms	  in	  comparison	  to	  sid2-­1	  mutants.	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  3.2.2.b	  Different	  levels	  of	  bacterial	  growth	  of	  aao3	  and	  sid2-­1	  genotypes	  in	  jaz	  KO	  background	  72	  hpi.	  	  
A.	   thaliana	   sid2-­1	   cross	   mutants	   exhibited	   a	   stronger	   phenotype	   approximately	   72	   hpi	  	  0.0002	   infiltration.	   jaz/sid2-­1	   crosses	   had	   a	   significant	   increase	   in	   bacterial	   growth	   that	  reveals	   a	   trend	   suggesting	   that	   it	   could	   be	   considerably	   but	   not	   radically	   reduced	   by	  addition	   of	  aao3,	  ABA	   defective	   gene.	   This	   can	   be	   suggested	   if	   taken	   into	   consideration	  that	   the	   jaz10	   mutation	   does	   not	  manifest	   a	   susceptible	   phenotype	   thus	   a	   jaz10/sid2-­1	  mutant	   bacterial	   growth	   is	   equal	   to	   sid2-­1.	   In	   addition	   an	   aao3	   counteractive	   effect	   to	  
jaz5/10	   could	   also	   be	   true	   as	   despite	   the	   trend	   aforementioned,	   the	   quadruple	   mutant	  bacterial	  growth	  shows	  no	  significant	  difference	  to	  the	   jaz10/sid2-­1genotype.	  In	  order	  to	  establish	  solid	  conclusions	  further	  research	  based	  on	  trials	  that	  will	  include	  more	  control	  genotypes	  are	  needed	  (Figure	  13).	  	  
	  	  
Figure	  13	   	  The	  dominant	   sid2-­1	   phenotype	  and	  a	  putative	   trend	   for	   less	  bacterial	   growth	  of	   the	  quadruple	  mutant	  jaz5/jaz10/aao3/sid2-­1.	  The	  average	  of	  six	  independent	  replicates	  is	  represented	  ±	  SD.	  However,	  during	  this	  project	  aao3	  was	  unable	  to	  exert	  its	  impact	  on	  jaz/aao3	  mutants	  72	  hours	  post	   0.0002cfu	   inoculation.	  Double	   jaz/aao3	   exhibited	  no	   significant	   difference	   in	  bacterial	  population	  growth	  to	  Columbia0	  (Figure	  14).	  	  Figures	  13	  and	  14	  are	  part	  of	  the	  same	  trial	  with	  the	  same	  independent	  replicates	  used	  for	  control.	   Surprisingly	   in	   this	   trial	   there	   is	   no	   difference	   in	   bacteria	   populations	   between	  mutants	   jaz5/aao3	   and	   jaz5/jaz10/aao3	   as	   well	   as	   between	   the	   jaz5/aao3/sid2.1	   and	  
jaz5/10/aao3/sid2.1	   genotypes.	   Given	   the	   fragile	   phenotype	   of	   aao3	   mutants,	   further	  research	   needs	   to	   take	   place	   in	   order	   to	   determine	   the	   exact	   impact	   of	   the	   jaz5/10	  mutation	  in	  combination	  with	  aao3	  and	  sid2-­1.	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Figure	   14:	   The	   sid2-­1	   dominant	   phenotype	   and	   no	   significant	   difference	   between	   jaz5/10	   and	   jaz/aao3	  mutants	  72h	  post	  infiltration.	  	  The	  average	  of	  six	  independent	  replicates	  is	  represented	  ±	  SD.	  	  3.3	  Putative	  resistance	  of	  jaz5/10	  and	  Jaz6	  mutants	  to	  B.	  cinerea	  pv	  pepper.	  	  In	   order	   to	   elucidate	   the	   influence	   of	   JAZ	   proteins	   during	   infection	   by	   the	   necrotrophic	  pathogen	  B.	   cinerea	   pv	  pepper	  we	   inoculated	  A.	   thaliana	   leaves	   as	  described	  on	   chapter	  2.6.	  A	  possible	   interaction	  between	  JAZ	  proteins	  was	  investigated	  again	  by	  use	  of	  double	  mutants.	   A	   likely	   resistance	   of	   jaz	   6,	   jaz	   6/7	   and	   jaz5/10	  mutant	   genotypes	   was	   noted	  (Figures	   15	   and	   16).	   In	   this	   project,	   under	   the	   environment	   conditions	   in	   which	   the	  samples	  were	   incubated	   the	   amount	   of	   inoculum	  used	  proved	  high	   in	   order	   to	  pinpoint	  distinct	   differences	   between	   the	   genotypes	   used.	   We	   are	   unable	   to	   provide	   a	   definite	  conclusion	   as	   regards	   to	   jaz	   phenotypes	   following	   B.cinerea	   inoculations.	   Further	  investigation	   is	  needed	  with	  use	  at	   least	   tenfold	   lower	   inoculum	  as	   to	   reach	  a	  definitive	  conclusion.	  	  	  
Figure	  15:	  jaz6/7	  resistant	  phenotype	  following	  B.	  cinerea	  inoculation.	  After	  treatment	  with	  the	  necrotrophic	  fungus	  jaz6/7	  mutants	  develop	  a	  smaller	  lesion	  when	  compared	  to	  Col0.	  This	  suggests	  a	  possible	  resistance	  of	  the	  mutant	  to	  B.cinerea.	  Further	  treatment	  trials	  with	  lower	  concentration	  of	  inoculum	  are	  necessary	  in	  order	  to	  reach	  a	  safe	  conclusion	  on	  whether	  jaz7	  and	  jaz5/7	  KO	  mutants	  manifest	  a	  similar	  phenotype.	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Figure	  16:	   	  A	   jaz5/10	   resistant	  phenotype	   following	  B.	   cinerea	   inoculation.	   Smaller	   lesions	   in	   contrast	   to	  Col0,	   jaz5	   and	   jaz10.	   Jaz5/10	   mutants	   seem	   to	   be	   more	   resistant	   to	   the	   necrotrophic	   fungus.
	  3.4	  Generation	  of	  fusion	  PCR	  amplicon	  insert.
Following	  procedures	  described	  previously	   in	  chapter	  2.7,	  amplicons	  corresponding	  to	  endogenous	  promoters,	  ORF	  coding	  sequences	  and	  the	  triple	  MYC	  and	  HA	  tags	  carrying	  complementary	  overhangs	   for	   JAZ5,	   JAZ7	  and	   JAZ10	  were	  generated.	  Final	  gene	  coding	  sequences	  accomplished	  were	   the	  HA	  tagged	   JAZ5	  and	   JAZ7	  as	  well	  as	   the	  MYC	  tagged	  
JAZ5.	  Below	  are	  gels	  showing	  PCR	  products	  generated	  through	  the	  three-­‐step	  fusion	  PCR	  technique.	   Amplified	   sequences	   shown	   correspond	   promoter,	   ORF,	   HA	   tag	   and	   final	  tagged	  sequence	  for	  JAZ5	  as	  well	  as	  step	  one	  PCR	  amplicons	  aimed	  for	  use	  as	  part	  of	  the	  template	  for	  the	  JAZ7	  and	  JAZ10	  fusion	  PCR	  (Figure	  17).	  
	  
Figure	  17:	  Fusion	  PCR	  process	  for	  the	  generation	  of	  the	  JAZ5	  HA	  tagged	  insert	  sequence.	  Gel	  1:	  	  Amplicons	  corresponding	   to	   the	  promoter	   (pr)	   and	  ORF	   coding	   sequences	   of	   JAZ5,	   JAZ7	   and	   JAZ10	   genes.	  Molecular	  weights:	   JAZ5pr,	   1489bp;	   JAZ7,	   2202bp;	   JAZ10,	   2203bp;	   JAZ5ORF	   ,1336bp;	   JAZ7ORF	   	   718bp;	   JAZ10ORF	  1838bp.	  1.2%	  agarose	  gel.	  Molecular	  marker	  L	  (1kb	  gene	  ruler,	  Fermentas)	  Gel2:	  Amplicon	  corresponding	  to	  the	  HA	  tag	  carrying	  tail	  overhangs	  complementary	  to	  the	  JAZ5	  promoter	  and	  ORF,	  176bp.	  3%agarose	  gel.	  Molecular	  marker	  L	  (100bp	  ladder,	  NEB)	  Gel3:	  Final	  insert	  sequence	  for	  JAZ5	  (JAZ5	  f.product)	  generated	  by	  fusion	   PCR	   ,	   4116bp.	   0.5%	   agarose	   gel.	   Molecular	   marker	   L	   (1kb	   gene	   ruler,	   Fermentas).
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4.	  DISCUSSION	  Hormones	  JA,	  SA	  and	  ABA	  are	  key	  components	  that	  mold	  the	  outcome	  of	  plant-­‐pathogen	  interactions.	  In	  the	  case	  of	  hemibiotroph	  Pst	  infection	  extensive	  research	  using	  the	  model	  plant	  Arabidopsis	   thaliana	   has	   substantiated	   the	   antagonistic	   nature	   of	   the	   JA	   and	   ABA	  pathways	   with	   SA	   ensuing	   bacterial	   invasion.	   While	   JA	   and	   ABA	   compromise	   plant	  defence,	  SA	  is	  a	  pivotal	  part	  to	  the	  Arabidopsis	  thaliana	  defence	  mechanism	  (Glazenbrook,	  2005;	   Bari	   &	   Jones,	   2008;	   Ton	   et	   al.,	   2009).	   The	   family	   of	   JAZ	   protein	   transcription	  repressors	  constitute	  crucial	  components	  of	  the	  JA	  signalling	  pathway	  and	  have	  potential	  impact	  on	  hormone	  crosstalk	  (Chini	  et	  al.,	  2007).	  Although	  research	  clearly	  suggests	  there	  is	   redundancy	   amongst	   the	   JAZ,	   recent	   studies	   suggest	   that	   despite	   their	   overlapping	  functions	  there	  is	  a	  level	  of	  specialization	  (Chico	  et	  al.,	  2008;	  Thines	  et	  al.,	  2007;	  Kazaan	  &	  Manners;	  2011).	  	  In	  this	  project	  we	  tried	  to	  elucidate	  the	  role	  of	  JAZ	  proteins	  in	  plant	  defence	  and	  hormone	  crosstalk	   as	  well	   as	   provide	   the	   tools	   for	   further	   research.	   In	   specific,	   using	  Arabidopsis	  loss	  of	  function	  jaz	  KO	  mutants	  we	  conducted	  phenotypic	  characterization	  experiments	  in	  order	   to	  determine	   the	  effect	  of	   individual	   JAZs.	  Furthermore,	  by	  use	  of	  cross	  genotypes	  with	  SA	  and	  ABA	  deficient	  background	  we	  looked	  at	  the	  dynamics	  emerging	  in	  the	  absence	  of	  respective	  JAZs.	  Previous	  work	   in	   our	   laboratory	   (unpublished	   data)	   along	  with	   this	   project	   established	  the	   increased	   chlorosis	   in	   jaz10	   and	   jaz5/10	   mutants	   with	   jaz5/10	   exhibiting	   greater	  chlorosis.	   Furthermore	  we	  demonstrated	   that,	   at	   least	   for	   the	   jaz	   crosses	   examined,	   the	  combined	   loss	   of	   function	   of	   jaz5	   and	   jaz10	   gene	   phenotype	   is	   not	   prone	   to	   further	  chlorosis	   in	   the	   addition	   of	   another	   KO	   jaz	   gene.	   In	   this	   project	   we	   also	   confirmed	   the	  absolute	   link	   between	   chlorosis	   in	   jaz	   mutants	   and	   the	   Pst	   phytotoxin	   coronatine.	  Although	   the	  close	  connection	  between	  coronatine,	   JAZ	  protein	  repressors,	  Pst	  virulence	  and	   symptom	  development	  has	  been	   stressed	  before	   (Demiansky	  et	   al.,	   2011;	  Brooks	  et	  
al.,	   2005;	   Shread	   et	   al.,	   2010))	   the	   striking	   lack	   of	   symptoms	   in	   jaz5/10	   and	   jaz10	  following	  Δcfa6Δcma	  indicate	  a	  specificity	  of	  these	  two	  repressors	  regarding	  coronatine.	  Surprisingly,	   in	   bacterial	   population	   trials,	   amongst	   the	   two	   chlorotic	   phenotypes,	   only	  
jaz5/10	  exhibited	  significant	  bacterial	  proliferation.	  The	  inconsistent	   level	  of	  chlorosis	   in	  comparison	   to	   the	   non	   significant	   actual	   bacterial	   growth	   of	   the	   jaz10	   suggest	   at	   least	  some	   level	   differentiation	   in	   pathways	   that	   lead	   to	   symptom	   development	   and	  susceptibility	  in	  the	  case	  of	  Pst	  infection.	  	  Previous	  published	  research	  has	  confirmed	   that	  MYC2	   is	  necessary	   for	  Pst	   infection	  and	  that	  jaz10	  is	  indeed	  a	  negative	  regulator	  of	  JA	  signalling	  (Chung	  &	  Howe,	  2009;	  Yan	  et	  al.,	  2007;	   Laurie-­‐Berry	   et	   al.,	   2006).	   Demianski	   et	   al.	   have	   found	   that	   although	  most	   of	   JAZ	  gene	  expression	  in	  response	  to	  Pst	  was	  independent	  of	  MYC2	  except	  JAZ10	  that	  displayed	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partial	   dependence	   on	   JIN1	   and	   JAZ5	   exhibiting	   reduced	   expression	   in	   jin1	   mutants.	  Another	   interesting	   fact	   is	   MRK	   kinase	   (MKK)	   4	   of	   the	   MAP	   kinase	   pathway	   is	   co-­‐expressed	   with	   AOS	   and	   OPR3,	   of	   the	   JA	   biosynthesis	   pathway,	   and	   JAZ5	   (Verk	   et	   al.,	  2011).	  Put	   together	   these	   facts	   can	  potentially	   explain	   the	   jaz5/10	   phenotype	   through	  a	  model	  by	  which	  the	  PAMP	  depended	  expression	  of	  JAZ5,	  simultaneously	  induced	  with	  JA	  biosynthesis,	  is	  triggered	  by	  coronatine	  mediated	  MYC2	  release	  in	  order	  to	  help	  the	  plant	  repress	   MYC2	   and	   thus	   expression	   of	   JA	   genes.	   The	   Pst	   specific	   induction	   of	   JAZ5	   acts	  complementary	   to	   the	   JAZ10	   suppression	   of	   early	   JA	   related	   genes	   and	   promotes	   plant	  resistance.	  Phenotypic	  characterization	  and	  bacterial	  population	  measurements	  of	  hormone	  deficient	  
jaz	  mutants	  has	   corroborated	   the	  dominant	  phenotypic	   impact	   of	   SA.	  Although	  a	  higher	  bacterial	   threshold	   of	   inoculum	   was	   necessary	   for	   the	   manifestation	   of	   the	   jaz5/10	  susceptibility,	  Pst	  proliferation	  in	  SA	  induction	  deficient	  mutants	  was	  fact	  even	  in	  tenfold	  lower	   inoculum	   infiltrations.	   High	   sid2-­1	   susceptibility	   is	   consistent	   with	   current	  knowledge	  on	  SA’s	  key	   role	   in	  plant	  defence	   (Loake	  &	  Grant,	  2007).	  Microbe	  population	  trials	   in	   jaz	   ABA	   deficient	   cross	   mutants	   need	   further	   investigation	   in	   order	   to	   assess	  whether	  ABA	  can	  have	  a	  counteractive	  effect	  to	  the	  jaz5/10	  mutation.	  Finally,	  we	  demonstrated	  that	  despite	  the	  substantial	  presence	  of	  Pst	  microbes	  following	  infiltration,	   the	  manifestation	   of	   chlorosis	   in	   sid2-­1	  mutants	   is	   comparable	   if	   not	  milder	  than	   the	   one	   of	   jaz5/10.	   Moreover	   chlorosis	   in	   sid2-­1	   was	   partially	   dependent	   on	  coronatine.	  This	  highlights	  the	  key	  role	  of	  JAZ5	  and	  JAZ10	  in	  coronatine	  induced	  symptom	  development.	   The	   dampening	   effect	   of	   the	   aao3	   mutation	   in	   chlorotic	   symptoms	   after	  infiltration	  was	  also	  consistent	  with	   literature	  (de-­‐Torres	  et	  al.,	  2007)	  and	  reflects	   lower	  microbe	  populations	  due	   to	   the	  absence	  of	  ABA.	  However	   the	   rapid	  collapse	  of	   tissue	   in	  the	  Pst	  infected	  quadruple	  mutant	  jaz5/jaz10/aao3/sid2-­1	  along	  with	  the	  inability	  of	  ABA	  deficiency	  to	  exert	  a	  counteractive	  effect	  in	  chlorosis	  indicates	  that	  JAZ5,	  JAZ10	  and	  SA	  are	  crucial	  components	  of	  the	  symptom	  development	  system.	  The	   future	   study	   of	   bacterial	   population	   growth	   of	   sid2-­1	   and	   jaz5/10	   crosses	   using	  appropriate	   controls	   can	   give	   a	   definitive	   conclusion	   as	   to	  whether	   the	   JAZ5	   and	   JAZ10	  mode	   of	   action	   coincides	   with	   the	   SA	   pathway.	   In	   addition,	   generation	   of	   the	   JAZ	  insertional	   constructs	   and	   the	   subsequent	   Agrobacterium	   mediated	   transformation	   of	  protein	  tagged	  JAZ	  gene	  sequences	  will	  allow	  better	  understanding	  of	  how	  JAZs	  interact.	  In	  specific	  it	  will	  uncover	  whether,	  how	  and	  when	  the	  established	  crucial	  JAZ5	  and	  JAZ10	  as	  well	  as	   JAZ7	  homo-­‐	  or	  heterodimerize	  naturally	  during	  plant	  –	  pathogen	   interaction.	   JAZ	  constructs	  can	  also	  potentially	  aid	  in	  pinpointing	  other	  proteins	  with	  which	  they	  interact	  thus	   elucidating	   complex	   hormone	   crosstalk.	   Finally	   further	   research	   with	   appropriate	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inoculum	   will	   confirm	   whether	   there	   are	   specific	   JAZs	   induced	   during	   the	   B.	   cinerea	   -­‐	  	  
Arabidopsis	  interaction	  responsible	  for	  symptom	  development	  inhibition.	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6.	  APPENDIX	  
	  	  
Table	  4:	  T-­‐Dna	   line	   insertion	   specific	  primers.	  Primer	  names	  and	   sequences	  of	   the	   respective	  T-­‐Dna	  lines	  used	  in	  phenotypic	  and	  population	  growth	  experiments.	  
	   	   Primer	  sequences	  corresponding	  to	  insertion	  
line	   	   forward	  primer	  
SALK	   LB3	   ATTTTGCCGATTTCGGAAC	  
	   LBb1	   GCGTGGACCGCTTGCTGCAACT	  
SAIL	   LBb1.3	   TAGCATCTGATTTTCATAACCAATCTCGATACA 
Wisconsin	   P745	   AACGTCCGCAATGTGTTATTAAGTTGTC 
	  
Table	  5:	  Gene	  specific	  primers	  for	  the	  KO	  genes.	  T-­‐DNA	  mutant	  line	  number	  and	  primer	  sequences	  that	  correspond	  to	  the	  gene	  specific	  region	  of	  the	  DNA	  fragment	  amplified	  to	  identify	  jaz	  knock-­‐out	  	  genes.	  
Primer	  sequences	  for	  mutant	  jaz	  
identification	  
	   	  
reverse	  primer	  
jaz 2 SALK_025279 TCTACGGTGGTCGAGTTATGG	  
jaz 3 SALK_139337 AGTGGTCCATCATACTCGTGC	  
jaz 4 SALK_141628 TTTCTTCTGCTGCAATGGATC	  
jaz 5 SALK_053775 CTTGATCTCTTCCATTTTTACGCG	  
jaz 6 SAIL_1156_C06 TTAGAACAGAAATTGCAAACC	  
jaz 7 WiscDsLox7H11 TTCTCGGTTTACCCATTTTAGG	  
jaz 10 SAIL_92_D08 CTTGGAAAACTGAAACACTTCC	  
jaz 12 SALK_055032 AGCATCAGTCCTGTCTCATCG	  
	  
Table	  6:	  Gene	  specific	  primers	  used	  to	  amplify	  the	  wild	  type	  gene.	  T-­‐Dna	  mutant	  line	  number	  and	  gene	  specific	  primer	  sequences	  used	  to	  amplify	  the	  DNA	  fragment	  for	  the	  identification	  of	  wild	  type	  
JAZ	   genes.	   The	   following	   primers	   can	   amplify	   the	   specific	   region	   of	   the	   respective	   JAZ	   wild	   type	  genes	  in	  the	  Columbia	  0	  ecotype	  but	  not	  in	  a	  homozygous	  jaz	  mutant.	  
Primer	  sequences	  for	  wild	  type	  JAZ	  
identification	  
	   	  
forward	  primer	   reverse	  primer	  
jaz 2 SALK_025279 AAACAAAATTGTTAACTGGCTTGG	   TCTACGGTGGTCGAGTTATGG	  
jaz 3 SALK_139337 ATGGGCTACAACACAAAATGG	   AGTGGTCCATCATACTCGTGC	  	  
jaz 4 SALK_141628 TAATGACCCTGCAAGAAAACG	   TTTCTTCTGCTGCAATGGATC	  
jaz 5 SALK_053775 GCTCAGCCGTTACTTGAAGG	   ATGCATCGCATTTTGTTTCC	  
jaz 6 SAIL_1156_C06 ACTATAGCGTTTGCAAATGCC	   TTAGAACAGAAATTGCAAACC	  
jaz 7 WiscDsLox7H11 CTGATGAGGCACGAGTCCAG	   TTCTCGGTTTACCCATTTTAGG	  
jaz 10 SAIL_92_D08 TACTCCGAGGGAAGATCAGC	   CTTGGAAAACTGAAACACTTCC	  
jaz 12 SALK_055032 AGTTATGGCACACTCCCATTG	   AGCATCAGTCCTGTCTCATCG	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Table	  7	  Primers	  used	  for	  fusion	  PCR	  generation	  generation.	  Characters	  in	  black	  correspond	  to	  the	  endogenous	  promoter,	  green	  characters	  to	  the	  respective	  tag	  and	  blue	  characters	  to	  correspond	  to	  the	  ORF	  complementary	  sequence.	  
	  	  	  
Table	  8:	  Molecular	  weights	  of	  fusion	  PCR	  and	  PCR	  products	  used	  as	  templates	  for	  the	  generation	  of	  the	  insert-­‐PCR.	  PCR	  products	  correspond	  to	  the	  respective	  promoter,	  tag,	  ORF	  and	  final	  fusion	  sequence	  of	  JAZ5,	  JAZ7	  and	  
JAZ10.	  	   Product	  molecular	  weight	  	   JAZ5 JAZ7 JAZ10 
Promoter	   1489	   2202	   2203	  
MYC	  TAG	   173	   181	   179	  
HA	  TAG	   176	   184	   182	  
ORF	   1636	   718	   1838	  
Fusion	  PCR	  product	  HA	   3195	   3889	   4116	  
Fusion	  PCR	  product	  MYC	   3221	   2892	   4119	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   	   Primer	  sequences	  	   	   forward	   reverse	  
JAZ 5 	  CACTTGGTCTTTGCAACAATGC	  	   GGTGTTGTTTATTGAGAAGAAAGAATTC	  
JAZ 7 GAAAAGCGTGATTTCGTATAACTTAAG	   GGTTGTATGTGTCAGTCAGTTG	  	  Promoter 
JAZ 10 	  GAAACAATCACTCGTATCATCGG	   	  GGTCTTTGATCTTATTAGAAAGTGAG	  
JAZ 5 
GTGGAGAATTCTTTCTTCTCAATAAACAACACC
ATGGGAGAGCAAAAGCTCATTTC	  	  
GCCTTAGCATTTTCATTGCTCGACGACATATGG
GTACCATTAAGATCCTCC	  	  
JAZ 7 
CATATATAAATCAACTGACTGACACATACAACC
ATGGGAGAGCAAAAGCTCATTTC	  	  
GCTTGTCGCAGTTTTTGATGATGATGATCATAT
GGGTACCATTAAGATCCTCC	  	  MYC TAG 
JAZ 10 
CTCTCTCTCACTTTCTAATAAGATCAAAGACCAT
GGGAGAGCAAAAGCTCATTTC	  
GAAATCGAGTTCTATGGTAGCTTTCGACATATG
GGTACCATTAAGATCCTCC	  	  
JAZ 5 
GTGGAGAATTCTTTCTTCTCAATAAACAACACC
ATGGCAGGTTACCCATACGAC	  
GCCTTAGCATTTTCATTGCTCGACGACATATGG
GTACCTAGAGAAGCGTAATC	  
JAZ 7 
CATATATAAATCAACTGACTGACACATACAACC
ATGGCAGGTTACCCATACGAC	  
GCTTGTCGCAGTTTTTGATGATGATGATCATAT
GGGTACCTAGAGAAGCGTAATC	  HA TAG 
JAZ 10 
CTCTCTCTCACTTTCTAATAAGATCAAAGACCAT
GGCAGGTTACCCATACGAC	  
GAAATCGAGTTCTATGGTAGCTTTCGACATATG
GGTACCTAGAGAAGCGTAATC	  
JAZ 5 ATGTCGTCGAGCAATGAAAATGC	  	   CTCGCTTAACGTTATGTAATTTAACTC	  	  
JAZ 7 	  ATGATCATCATCATCAAAAACTGCGAC	  	   CTTGAACTCTAAACACAAGTTACTGG	  	  ORF 
JAZ 10 ATGTCGAAAGCTACCATCGATTTC	   TTCATGAGAAGCTAAAAGAGGCGTG	  
JAZ5 
(HindIII/SmaI) 
CAAGAAGCTTAGTGGCGTAGCTAGG	   CTCCCGGGTGTTGGTACGTAGTTAAC	  	  
JAZ 7 
(HindIII/SmaI) 
TAAATAAGCTTTGTTCCGGTACGGTGAAC	   	  AACCCGGGTTACTGGAAATTATGAAACTTTG	  
Nested 
primers 
JAZ 10 
(EcoRI /SmaI) 
CGTTTAGAATTCAGAATCCGACGACTTTGG	   CTACCCGGGGCGTGTTATAATTTTCTTTAC	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Fusion	  PCR	  sequences	  	  
	  In	  silica	  sequences	  of	  the	  PCR	  templates	  used	  to	  generate	  the	  final	  fusion	  products	  as	  well	  as	  the	  fusion	  PCR	  products	  themselves.	  All	  sequences	  are	  shown	  in	  5’-­‐3’	  strand	  direction.	  Introns	  are	  indicated	  in	  low	  case	  and	  exons	  with	  capital	  letters.	  Black	  characters	  indicate	  sequences	  that	  correspond	  to	  the	  promoter.	  Green	  and	  blue	  characters	  indicate	  sequences	  that	  correspond	  to	  the	  triple	  tag	  and	  ORF	  coding	  sequence	  respectively.	  Restriction	  sites	  within	  the	  nested	  primers	  are	  indicated	  in	  red	  print.	  DNA	  regions	  corresponding	  to	  primer	  sequences	  are	  highlighted	  as	  follows:	  	   region	  corresponding	  to	  promoter	  primers	  	   region	  corresponding	  to	  nested	  primers	  	   region	  corresponding	  to	  tag	  primers	  	   region	  corresponding	  to	  ORF	  primers	  	  	   overlapping	  sequence	  between	  two	  primers	  	   region	  corresponding	  to	  primer	  and	  tag	  primer	  tail	  overhang	  overlap	  	  
        JAZ5 promoter+ triple HA tag + JAZ5 ORF 
        restriction sites: HindIII, SmaI 	  
GCCACTTGGTCTTTGCAACAATGCAAGaagcttagtggcgtagctaggggtaacgagttaccaaaccggtttgacaat
ctggttcgatcaattggccgatcactcggtttgctctaatcttgcttcatttagtcccatcaacaacacttattaaac
taagtcacatctaaactttttatatctttggtatcattttccccgaacacgtttttttgaacgagtcgtagttttgaa
gcaaccaacgaacgtattgattattatgggcatccgtgaaaggggcagttcggtcaattgatccatcaattttatttt
tgaccaaactgattaggtgatcttaagatttttccttttttctttctataggaaagtgggaaaaacgcgattcacacg
atactgttgctagtgcgtcgtacagattgcgatacgtgtcacaatcttgacggtctgttctatttaaaccacgtgttt
taatcaaaaaacttctgtcggatcgtatcggagactttgaatttttatggcacatgaaacttcgtaggggtttgatgg
taggatcccacattggtccacttactattcaattcgcaccgccgttaagtttgttaactaacgtgaggaacgtcgcgg
tgatgtaaaaaaaggccatgaaagttgtttctattacgatgatgccatcactggagttggtaatgtgctcttgtggaa
gggcaaattttgtaaatacgatcaaatttcgagtcttttacgaatttgtgacatacgccgtttaataacgtttgccgt
cggttctgaaatctttattctttttctcttttatcgttacgcgtaaggaaaacgtgcggtaaattctaaccgaaaata
tatataaaaaagtagtccaattttgaaatctggccgttgatggtagacaactaaactgtgccaaacaagaaacaagag
gtgaacatatttttatgataagacagggcaataaatttgttgtaccaactcataaaacaatagataaattacttgcac
aatgatggattattaacattaattttcttactattaatcatggatgaaaattcctttcttcacactagatatagttct
ttaactagttaaaaatgcatgcgatggaatattactaaatatgatataatctcatggctttatgtaagatttgttttt
tggtttttttggttgttgttaataaatttattattgagaagtttaattctattttggtcacaatatattgaaatattt
ttaagaaactaaaaagttcctatttatttttgttttcattaatttatgagaggctattaaagtcacagaaacttattg
ggtgaatgagtttataaacacatgagctattgagctagtagcctcttgtactcttccattttacgcgcaatccacgca
ccaacaaaaagaaaagaaaagaagagataaagaatatctttaaaaagtaagtgtggagaattctttcttctcaataaa
caacaCCATGGCAGGTTACCCATACGACGTTCCTGACTATGCGTCACTCTACCCCTATGACGTACCGGATTATGCATC
CCTATATCCGTATGATGTTCCAGATTACGCTTCTCTAGGTACCCATATGTCGTCGAGCAATGAAAATGCTAAGGCACA
AGCGCCGGAGAAATCTGACTTTACCCGGAGATGTAGTTTGCTCAGCCGTTACTTGAAGGAGAAGGGTAGTTTCGGAAA
CATTGATCTTGGCTTATACCGAAAACCCGATTCCAGTCTCGCGTTGCCCGGAAAATTCGATCCACCAGgtacttttat
tatctctttcttctttcatggccgccacttggtaatagtactttaaaaactcagttctgttactacttgcttttgcca
gatttactacttttgtattgtttcttcatttgtaagtcagttccttacttcagaaataatttctccttgtaattatga
agacaagtaacaaaaataacgaataagttgatatagaaattgattgagatgtggttaataaaattccaaagatataag
atgctatatcatttttctaaagttattatagttcacgaaagtttttattctctttatgcagGGAAACAAAATGCGATG
CATAAGGCAGGGCATTCCAAAGGCGAACCCTCTACCTCATCAGGAGGCAAAGTCAAAGATGTTGCTGACCTCAGgtct
ctccttttgttccttgggaatacttgttgtttttggttattggagattagagaaaaggataatcggttaatccggtta
aaattggttttgttctgaaatctgtttttggtttgcagTGAATCACAGCCAGGAAGTTCGCAGCTGACCATATTCTTC
GGAGGGAAAGTTTTAGTATATAATGAGTTCCCCGTAGACAAAGCTAAAGAGATTATGGAAGTAGCAAAACAAGCCAAG
CCTGTGACTGAGATTAACATTCAGACACCAATCAATGACGAAAACAACAACAACAAGAGCAGCATGGTTCTTCCTGAT
CTCAATGAGCCTACTGATAATAATCACCTAACAAAGGAACAACAACAGCAACAAGAACAAAATCAGATCGTGGAACGT
ATAGCACGTAGAGCTTCCCTCCATCGATTCTTTGCTAAACGGAAAGACAGgtatttaaccttatcatactttttgaaa
cttgttttaatgttccaaatttccaatcactctagttagttcaaaactcaaaagtttaaggatcctccctctgatata
agttctcctaaattatcctcaacaagcctcgtaatttacgttattaatttttctgttgcagAGCTGTGGCTAGGGCTC
CGTACCAAGTTAACCAAAACGCAGGTCATCATCGTTATCCTCCCAAGCCAGAGATTGTAACCGGTCAACCACTAGAGG
CAGGACAGTCGTCACAAAGACCGCCGGATAACGCCATTGGTCAAACCATGGCCCATATCAAATCAGACGGTGATAAAG
ATGATATTATGAAGATTGAAGAAGGCCAAAGTTCGAAAGATCTCGATCTAAGGCTATAGtaatatttgctaaatttct
tgtaggaactgagtttttagattaacgtttcgatttttctgacttatctaagtgattttattttgctttgtactacag
tatgtaatcttattctaacttgaatattcattcataaacacaatagacgatagtaaagttatattataaTTAGTTAAC
TACGTACCAACACGGGGGAGTTAAATTACATAACGTTAAGCGAG 
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JAZ5 promoter+ triple MYC tag + JAZ5 ORF 
restriction sites: HindIII, SmaI 
 
GCCACTTGGTCTTTGCAACAATGCAAGaagcttagtggcgtagctaggggtaacgagttaccaaaccggtttgacaat
ctggttcgatcaattggccgatcactcggtttgctctaatcttgcttcatttagtcccatcaacaacacttattaaac
taagtcacatctaaactttttatatctttggtatcattttccccgaacacgtttttttgaacgagtcgtagttttgaa
gcaaccaacgaacgtattgattattatgggcatccgtgaaaggggcagttcggtcaattgatccatcaattttatttt
tgaccaaactgattaggtgatcttaagatttttccttttttctttctataggaaagtgggaaaaacgcgattcacacg
atactgttgctagtgcgtcgtacagattgcgatacgtgtcacaatcttgacggtctgttctatttaaaccacgtgttt
taatcaaaaaacttctgtcggatcgtatcggagactttgaatttttatggcacatgaaacttcgtaggggtttgatgg
taggatcccacattggtccacttactattcaattcgcaccgccgttaagtttgttaactaacgtgaggaacgtcgcgg
tgatgtaaaaaaaggccatgaaagttgtttctattacgatgatgccatcactggagttggtaatgtgctcttgtggaa
gggcaaattttgtaaatacgatcaaatttcgagtcttttacgaatttgtgacatacgccgtttaataacgtttgccgt
cggttctgaaatctttattctttttctcttttatcgttacgcgtaaggaaaacgtgcggtaaattctaaccgaaaata
tatataaaaaagtagtccaattttgaaatctggccgttgatggtagacaactaaactgtgccaaacaagaaacaagag
gtgaacatatttttatgataagacagggcaataaatttgttgtaccaactcataaaacaatagataaattacttgcac
aatgatggattattaacattaattttcttactattaatcatggatgaaaattcctttcttcacactagatatagttct
ttaactagttaaaaatgcatgcgatggaatattactaaatatgatataatctcatggctttatgtaagatttgttttt
tggtttttttggttgttgttaataaatttattattgagaagtttaattctattttggtcacaatatattgaaatattt
ttaagaaactaaaaagttcctatttatttttgttttcattaatttatgagaggctattaaagtcacagaaacttattg
ggtgaatgagtttataaacacatgagctattgagctagtagcctcttgtactcttccattttacgcgcaatccacgca
ccaacaaaaagaaaagaaaagaagagataaagaatatctttaaaaagtaagtgtggagaattctttcttctcaataaa
caacaCCATGGGAGAGCAAAAGCTCATTTCTGAAGAGGACTTGAATGGAGAACAGAAATTGATCAGTGAGGAAGACCT
CAACGGTGAGCAGAAGTTAATATCCGAGGAGGATCTTAATGGTACCCATATGTCGTCGAGCAATGAAAATGCTAAGGC
ACAAGCGCCGGAGAAATCTGACTTTACCCGGAGATGTAGTTTGCTCAGCCGTTACTTGAAGGAGAAGGGTAGTTTCGG
AAACATTGATCTTGGCTTATACCGAAAACCCGATTCCAGTCTCGCGTTGCCCGGAAAATTCGATCCACCAGgtacttt
tattatctctttcttctttcatggccgccacttggtaatagtactttaaaaactcagttctgttactacttgcttttg
ccagatttactacttttgtattgtttcttcatttgtaagtcagttccttacttcagaaataatttctccttgtaatta
tgaagacaagtaacaaaaataacgaataagttgatatagaaattgattgagatgtggttaataaaattccaaagatat
aagatgctatatcatttttctaaagttattatagttcacgaaagtttttattctctttatgcagGGAAACAAAATGCG
ATGCATAAGGCAGGGCATTCCAAAGGCGAACCCTCTACCTCATCAGGAGGCAAAGTCAAAGATGTTGCTGACCTCAGg
tctctccttttgttccttgggaatacttgttgtttttggttattggagattagagaaaaggataatcggttaatccgg
ttaaaattggttttgttctgaaatctgtttttggtttgcagTGAATCACAGCCAGGAAGTTCGCAGCTGACCATATTC
TTCGGAGGGAAAGTTTTAGTATATAATGAGTTCCCCGTAGACAAAGCTAAAGAGATTATGGAAGTAGCAAAACAAGCC
AAGCCTGTGACTGAGATTAACATTCAGACACCAATCAATGACGAAAACAACAACAACAAGAGCAGCATGGTTCTTCCT
GATCTCAATGAGCCTACTGATAATAATCACCTAACAAAGGAACAACAACAGCAACAAGAACAAAATCAGATCGTGGAA
CGTATAGCACGTAGAGCTTCCCTCCATCGATTCTTTGCTAAACGGAAAGACAGgtatttaaccttatcatactttttg
aaacttgttttaatgttccaaatttccaatcactctagttagttcaaaactcaaaagtttaaggatcctccctctgat
ataagttctcctaaattatcctcaacaagcctcgtaatttacgttattaatttttctgttgcagAGCTGTGGCTAGGG
CTCCGTACCAAGTTAACCAAAACGCAGGTCATCATCGTTATCCTCCCAAGCCAGAGATTGTAACCGGTCAACCACTAG
AGGCAGGACAGTCGTCACAAAGACCGCCGGATAACGCCATTGGTCAAACCATGGCCCATATCAAATCAGACGGTGATA
AAGATGATATTATGAAGATTGAAGAAGGCCAAAGTTCGAAAGATCTCGATCTAAGGCTATAGtaatatttgctaaatt
tcttgtaggaactgagtttttagattaacgtttcgatttttctgacttatctaagtgattttattttgctttgtacta
cagtatgtaatcttattctaacttgaatattcattcataaacacaatagacgatagtaaagttatattataaTTAGTT
AACTACGTACCAACACGGGGGAGTTAAATTACATAACGTTAAGCGAG 	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JAZ7 promoter + triple HA tag + JAZ7 ORF 
restriction sites: HindIII, SmaI 
 	  
AaggaaaagcgtgatttcgtataacttaaggAttttgataaataagctttgttccggtacggtgaacctaatctgcgt
atttttggatttggtagctcacctgaaccaactaaattgcagttaactttatcgtctgtttaagattactagacatga
tcaagagcccaaaactgctcggcccaattagtaatactgtaaaggctttattatgctcattattctttcttttctttt
tcttttttgctcataattctattaccaaattatatattccaaaaaatgttttttccaatacaaaattttgtttgttac
ctttattttttaatgaaagggtttcattaggtacctttggtgaaaaacaaattaaattcaaagacgttcggtttttaa
gatagcaccaattgcatgtgctcattagtcatttcaattccatacttttgagatcatataaagaaatgattctctttt
gaaaaccaaacattgaatattggcatttcccacgtggatttaaccttctatgtcggtatgtcatatgtgggcaaaccc
aaatctgaagtggccgaatcatgttaactatataaactactcatcaagtgaaacacgtggttgataaaacaaaaatca
actaaatcacgcgacgaccattattttatcaaatgtatattgtgaccaaacaaagtgacgttgtttttcatgatatcc
cccactttacatttttttttacaaattacaataaaatactccaagtaaaaaataagaaatgaaacatccgtttttggg
gtgaatacaagtttaacagagctataactcagaaagatttttatcataagagctgcttataaactataagtgttgttt
ttttagaattaagtatggttttgaaatttgaatgtaacttttaatcataaaatttatactctacccatctatgtatac
atttttacagtcattttaacaaataaatcctagagttggacttatttacaattcaatgtcattagcattaaatctttg
ttccaaaataattaattttactttaaatttttaatttaaattgtcaatcacattatcaatcaaatttaattcaaacaa
acttcacatcaatcccttaaaattagcacaaacgtattttattaacaatattttaaaacaaaattttttgtttaaata
aatattgttcttactaaacgttttttgtttaaataaacaaatcatgtatttcaacttatttacaatgtcatgctactg
acattaattatttaggaatgaaaatatttatttaaaaatttaaatcttctaaatttttgcttttagagttaatatatc
attatctaaaaggtaaaaaatattattttttaaataatattattcgtatatttaaacttcataaaacattattaatat
ttgaatttataaaaagtttaatctatcaaaaataattaatatcattatttaatatatagagtttaaaaaaatctcaaa
aacaaattcgtcatattttgtgattcgaaattttaagaatgaacatatattaaccaattggcgaaaaatgtgtgggtt
caacgtcccgcaacgactaaaatattttaacaatgattcataaacatattataaataagatcaacattaataaaataa
atagtttttttttgtggacgggtttggcaggacgttacttagtaacaatgataaactataaaataatttataaatttt
tatatatattaattttaaaaaatgaattgtctccgcggtacaccgcggattaaaatctagtagttaacatttttttag
ttcgcttgaaacgtattaagatggcaataataccaaaaccccaaaagaattataggatgaattctttaaaaatgttat
tttattttttgtattacaatgaaaaagaaaacaaaaatcacaaaaagcattttacacgtgcgtgaagagaaagaaaca
gagatgtcaagttgtgttctgtccaaactctgttctaatgccagcttttgtctcgtcttttctctatccttatcttcc
ctctatcttcgatcccaacacatacacaacacgcacacacacatatataaatcaactgactgacacatacaaCcATGG
CAGGTTACCCATACGACGTTCCTGACTATGCGTCACTCTACCCCTATGACGTACCGGATTATGCATCCCTATATCCGT
ATGATGTTCCAGATTACGCTTCTCTAGGTACCCATATGATCATCATCATCAAAAACTGCGACAAGCCTTTACTCAATT
TCAAAGAGATGGAGATGCAAACAAAATGCGACTTGGAACTTCGCCTTCTTACTTCTTCTTATGATTCTGATTTCCATA
GCTCgtaagccttctttctctttcaacgttatttgtttagtaaatttataaatatgaattagagtcaaacgatactga
tatacttttatcaatggtttttgaagGTTGGACGAATCAAGCAGCTCTGAAATTTCACAACCAAAGCAAGAATCTCAG
ATATTAACCATTTTCTACAACGGGCACATGTGTGTTTCTTCAGATCTTACCCATCTTGAGGCTAACGCTATACTATCG
CTAGCGAGTAGAGATGTGGAAGAGAAATCTTTATCCTTGAGAAGTTCAGACGGTTCGGATCCTCCAACAATCCCAAAC
AATTCGACTCGATTTCATTATCAAAAGGCCTCTATGAAGAGATCTCTTCACAGTTTTCTTCAGAAACGAAGTCTTCGG
ATTCAAGCAACTTCCCCTTACCACCGTTACCGATAGcactatctatttgatttcatttttgtgattctcttcaatttt
ttttttactgtaacataataatccaattgtcttgaattctttttctgtgtgtttggatggattacagaccttaattag
gtagagtattaaagtttcATAATTTCCAGTAACCCGGGTTTAGAGTTCAAG 	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JAZ7 promoter + triple MYC tag + JAZ7 ORF 
restriction sites: HindIII, SmaI 
 
AaggaaaagcgtgatttcgtataacttaaggAttttgataaatccggtttgttccggtacggtgaacctaatctgcgt
atttttggatttggtagctcacctgaaccaactaaattgcagttaactttatcgtctgtttaagattactagacatga
tcaagagcccaaaactgctcggcccaattagtaatactgtaaaggctttattatgctcattattctttcttttctttt
tcttttttgctcataattctattaccaaattatatattccaaaaaatgttttttccaatacaaaattttgtttgttac
ctttattttttaatgaaagggtttcattaggtacctttggtgaaaaacaaattaaattcaaagacgttcggtttttaa
gatagcaccaattgcatgtgctcattagtcatttcaattccatacttttgagatcatataaagaaatgattctctttt
gaaaaccaaacattgaatattggcatttcccacgtggatttaaccttctatgtcggtatgtcatatgtgggcaaaccc
aaatctgaagtggccgaatcatgttaactatataaactactcatcaagtgaaacacgtggttgataaaacaaaaatca
actaaatcacgcgacgaccattattttatcaaatgtatattgtgaccaaacaaagtgacgttgtttttcatgatatcc
cccactttacatttttttttacaaattacaataaaatactccaagtaaaaaataagaaatgaaacatccgtttttggg
gtgaatacaagtttaacagagctataactcagaaagatttttatcataagagctgcttataaactataagtgttgttt
ttttagaattaagtatggttttgaaatttgaatgtaacttttaatcataaaatttatactctacccatctatgtatac
atttttacagtcattttaacaaataaatcctagagttggacttatttacaattcaatgtcattagcattaaatctttg
ttccaaaataattaattttactttaaatttttaatttaaattgtcaatcacattatcaatcaaatttaattcaaacaa
acttcacatcaatcccttaaaattagcacaaacgtattttattaacaatattttaaaacaaaattttttgtttaaata
aatattgttcttactaaacgttttttgtttaaataaacaaatcatgtatttcaacttatttacaatgtcatgctactg
acattaattatttaggaatgaaaatatttatttaaaaatttaaatcttctaaatttttgcttttagagttaatatatc
attatctaaaaggtaaaaaatattattttttaaataatattattcgtatatttaaacttcataaaacattattaatat
ttgaatttataaaaagtttaatctatcaaaaataattaatatcattatttaatatatagagtttaaaaaaatctcaaa
aacaaattcgtcatattttgtgattcgaaattttaagaatgaacatatattaaccaattggcgaaaaatgtgtgggtt
caacgtcccgcaacgactaaaatattttaacaatgattcataaacatattataaataagatcaacattaataaaataa
atagtttttttttgtggacgggtttggcaggacgttacttagtaacaatgataaactataaaataatttataaatttt
tatatatattaattttaaaaaatgaattgtctccgcggtacaccgcggattaaaatctagtagttaacatttttttag
ttcgcttgaaacgtattaagatggcaataataccaaaaccccaaaagaattataggatgaattctttaaaaatgttat
tttattttttgtattacaatgaaaaagaaaacaaaaatcacaaaaagcattttacacgtgcgtgaagagaaagaaaca
gagatgtcaagttgtgttctgtccaaactctgttctaatgccagcttttgtctcgtcttttctctatccttatcttcc
ctctatcttcgatcccaacacatacacaacacgcacacacacatatataaatcaactgactgacacatacaaCcATGG
GAGAGCAAAAGCTCATTTCTGAAGAGGACTTGAATGGAGAACAGAAATTGATCAGTGAGGAAGACCTCAACGGTGAGC
AGAAGTTAATATCCGAGGAGGATCTTAATGGTACCCATATGATCATCATCATCAAAAACTGCGACAAGCCTTTACTCA
ATTTCAAAGAGATGGAGATGCAAACAAAATGCGACTTGGAACTTCGCCTTCTTACTTCTTCTTATGATTCTGATTTCC
ATAGCTCgtaagccttctttctctttcaacgttatttgtttagtaaatttataaatatgaattagagtcaaacgatac
tgatatacttttatcaatggtttttgaagGTTGGACGAATCAAGCAGCTCTGAAATTTCACAACCAAAGCAAGAATCT
CAGATATTAACCATTTTCTACAACGGGCACATGTGTGTTTCTTCAGATCTTACCCATCTTGAGGCTAACGCTATACTA
TCGCTAGCGAGTAGAGATGTGGAAGAGAAATCTTTATCCTTGAGAAGTTCAGACGGTTCGGATCCTCCAACAATCCCA
AACAATTCGACTCGATTTCATTATCAAAAGGCCTCTATGAAGAGATCTCTTCACAGTTTTCTTCAGAAACGAAGTCTT
CGGATTCAAGCAACTTCCCCTTACCACCGTTACCGATAGcactatctatttgatttcatttttgtgattctcttcaat
tttttttttactgtaacataataatccaattgtcttgaattctttttctgtgtgtttggatggattacagaccttaat
taggtagagtattaaagtttcATAATTTCCAGTAACCCGGGTTTAGAGTTCAAG 	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JAZ10 promoter+ triple HA+ JAZ10 ORF coding 
restriction sites: EcoRI,,SmaI 
 
ggaaacaatcactcgtatcatcggatctcggCGTTTAGAATTCAGAATCCGACGACTTTGgcgagcaaaccttacgca
aactatggatggtattggaaatgaacgacaacaagaacaaccgtttcatttacagatttacttcttcaaatgggcttt
tcttctctaaatgggtttactaccttaaggggcttttcaactataggttcaattatattcttatgtaagggtactaac
tagtgtgggctgtaaacgacttaaagtttcggccatttagttttatgcaagaaaaaaaatatagataatacagtaatg
atgaatccactatacatgttaaatccaatataataaatccactatacattagtgttctcatatttcgtttcaagattc
gattcaaaaaatttgaaaatgttaaatatgtgtttctgagattaaaggccaaaagaagggtaaggtcgtatatgaaag
gtggacagaggggcaaattagtcagcttgaaaaatacatcgacattaaaaatcggcagcactgacaaaacgtgtgata
acacaaataaaaataatcggaagaaaaagaataaataaggcgtattgactctggaacggagaagatgaaagagagcga
cgaaaacctctaaagacttatcgagaagtgcaccttagcctagtgaataatgatatgtattgacattaactactacta
ctacagctcccaacacgtgaaagacatgcatctaactctttcactttcggttgccaagaaaaaaaaaaaaaaaaaact
ttcactttcggcatcaaatatatactactaaaaaagttttttatacgtaattcttttttaatatttgattagttcaga
atattaattaaaaaaattacttttcgtaatcactacattttgtagttatatgatttttaatttaaaatagtaaaaagg
agaaatgtaactaattaagctaacatgcgcgcgatagaataaggtgaagtttaaatttgagcacaagatagaaaattg
aggtcaatttaattcggaagtggttcaaggtatattttcacaagaaagaaaaacgtgagttcattgaatccctctata
actttacttgagaacaatgtaataatatgtaaatctgttaggaaacgagcagccacatatgctttaaacaagagaaca
agaaaaagagcggccacatgtgaaaaaaaaacaccagccaaaatgtgaaactaagaaaagaaaagaaaaaccatcgac
atcgtccaaaggatcgacccgtcttttctggtttggcagaaaacaaacttccaagttccgacttgacctagtctttat
gcatctgcagtggtgttttctttaaatctttttttgaatggatttgaaaatcttattttttcttcttctttcaaaaca
ctaactgtgaatcaccaccaacattttattgttctaaaatccctatttgtatgttttattggttactttcccaaatat
gatgaaagtttattggtgtactttagtttagaaatgtaagaaatttcagttgtattattaggtcaaccaaatattatt
cttgaatagtaatgtcaaattttgtttatattgaaaaatcaataagactgatatctactaaatgtgatttgctatact
agtagagctagtagtagcaagattaaaattcatattaagaaaaaatggaaaagaaaaacatgtttcgagaaaaatata
cagatcagagactagagtagaaaacaaatataatgtcagaagaacccaatgtgacgaacagtaacagaaacatgttac
caaatttttgaagatatatttttataaaacattacaatgttcattggacttccgttatttccggatataaaatatctt
ctttctgcgtagcaagcaattacattacattaggtatattaagaatttaaacatgtgttttgaatcattaaattaatt
agataagtaagagaagaggttgggagcctaataaaaacaaaacaaaaaggaaaaagtggataggttgccaattgtgcc
gaaaagaaagagaaagcatgaacctcgtgcgttaaataagtatcagagacatactacattttaaaaactctcacatga
gaaatcagaatccgttattattcctccatttattcatctcaaaacccatatctctctgtcttgatctctctctcactt
tctaataagatcaaagaCCATGGCAGGTTACCCATACGACGTTCCTGACTATGCGTCACTCTACCCCTATGACGTACC
GGATTATGCATCCCTATATCCGTATGATGTTCCAGATTACGCTTCTCTAGGTACCCATATGTCGAAAGCTACCATAGA
ACTCGATTTCCTCGGACTTGAGAAGAAACAAACCAACAACGCTCCTAAGCCTAAGTTCCAGAAATTTCTCGATCGCCG
TCGTAGTTTCCGAGgttcgtttggtttttagtcgctctctcttttttttttcttgcgataaatcgaatttattcatat
ggaactcctgcagATATTCAAGGTGCGATTTCGAAAATCGATCCGGAGATTATCAAATCGCTGTTAGCTTCCACTGGA
AACAATTCCGATTCATCGGCTAAATCTCGTTCGGTTCCGTCTACTCCGAGGGAAGATCAGCCTCAGATCCCGATTTCT
CCGGTCCACGCGTCTCTCGCCAGgtatttttgtctttccggtaaagttttttttttctttctaacttttttggcgcta
ccagaaaagacgaaaaaatttgaaattcaaattttcaaaacattcattttcctcagGTCTAGTACCGAACTCGTTTCG
GGAACTGTTCCTATGACGATTTTCTACAATGGAAGTGTTTCAGTTTTCCAAGTGTCTCGTAACAAAGCTGGTGAAATT
ATGAAGGTCGCTAATGAAGCAGCATCTAAGAAAGACGAGTCGTCGATGGAGACAGATCTTTCGGTAATTCTTCCGACC
ACTCTAAGACCAAAGCTCTTTGGCCAGAATCTAGAAGGAGgttagtataataaaaataaaaatcacttagtgctggat
tcttctagaattttagttacatattattgcatgtagagatctaagaagagtttgttgttagagaggaattggttgcta
attagtttggaattagatatcaaagagttaaagactatagtttatgtctatacgtattaatatacgttattaataaaa
gtataaacatgttgtttaatttctgataagaaactggtttatgcgtgtgtatgcagATCTTCCCATCGCAAGGAGAAA
GTCACTGCAACGTTTTCTCGAGAAGCGCAAGGAGAGgtaatgattcttcaacaatccaaggatttttacccccaaata
attaaagaaaggtttttatttttctctctctcgaccttttttttactataagttatttaagatagtaattatgggtcc
tgcctcttttactctcacatacaacttaagattcaactagttttgttcaacaacgcacatgcttatacgtagatagat
aatggagatcagtagtaatatcggtatacgtaggttactattgtaatggaacttttaaaaagcgcgttgactttgagt
ctttgactctagttctgtttgctacaccgacaagttatatttttcaaaatgatgagaaaacgaggagaaacaccggaa
aaaaatttgaacttttacttttatcagaccatacggccaaagaaagatctgtatattatataagttatcacaaaacgc
ggtttcacattttctttttcgtcttgttgtgtttgcagATTAGTATCAACATCTCCTTACTATCCGACATCGGCCTAA
acgatctctttttagattgggacatggaccaaatttgtctttttcaatcggaagacatccatgttcgtttttggattt
ggcttatttccaatcttcttttgaagccttcttcgtcgttgctaaatcgtatactattcacgacaaacgtttttagga
gattacgttacctactaagattatatatattggtttgtttttaaaaatgtctattatctttattgtcattgatagctt
gatttaagaagctctctcttatcccgtgaccttctacttttgttttattttttagtatatggtaaagaaaattataac
ACGCCCCGGGTAGCTTCTCATGAAG 
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JAZ10 promoter +triple MYC+ JAZ10 ORF 
restriction sites: EcoRI,,SmaI 
 
ggaaacaatcactcgtatcatcggatctcggCGTTTAGAATTCAGAATCCGACGACTTTGgcgagcaaaccttacgca
aactatggatggtattggaaatgaacgacaacaagaacaaccgtttcatttacagatttacttcttcaaatgggcttt
tcttctctaaatgggtttactaccttaaggggcttttcaactataggttcaattatattcttatgtaagggtactaac
tagtgtgggctgtaaacgacttaaagtttcggccatttagttttatgcaagaaaaaaaatatagataatacagtaatg
atgaatccactatacatgttaaatccaatataataaatccactatacattagtgttctcatatttcgtttcaagattc
gattcaaaaaatttgaaaatgttaaatatgtgtttctgagattaaaggccaaaagaagggtaaggtcgtatatgaaag
gtggacagaggggcaaattagtcagcttgaaaaatacatcgacattaaaaatcggcagcactgacaaaacgtgtgata
acacaaataaaaataatcggaagaaaaagaataaataaggcgtattgactctggaacggagaagatgaaagagagcga
cgaaaacctctaaagacttatcgagaagtgcaccttagcctagtgaataatgatatgtattgacattaactactacta
ctacagctcccaacacgtgaaagacatgcatctaactctttcactttcggttgccaagaaaaaaaaaaaaaaaaaact
ttcactttcggcatcaaatatatactactaaaaaagttttttatacgtaattcttttttaatatttgattagttcaga
atattaattaaaaaaattacttttcgtaatcactacattttgtagttatatgatttttaatttaaaatagtaaaaagg
agaaatgtaactaattaagctaacatgcgcgcgatagaataaggtgaagtttaaatttgagcacaagatagaaaattg
aggtcaatttaattcggaagtggttcaaggtatattttcacaagaaagaaaaacgtgagttcattgaatccctctata
actttacttgagaacaatgtaataatatgtaaatctgttaggaaacgagcagccacatatgctttaaacaagagaaca
agaaaaagagcggccacatgtgaaaaaaaaacaccagccaaaatgtgaaactaagaaaagaaaagaaaaaccatcgac
atcgtccaaaggatcgacccgtcttttctggtttggcagaaaacaaacttccaagttccgacttgacctagtctttat
gcatctgcagtggtgttttctttaaatctttttttgaatggatttgaaaatcttattttttcttcttctttcaaaaca
ctaactgtgaatcaccaccaacattttattgttctaaaatccctatttgtatgttttattggttactttcccaaatat
gatgaaagtttattggtgtactttagtttagaaatgtaagaaatttcagttgtattattaggtcaaccaaatattatt
cttgaatagtaatgtcaaattttgtttatattgaaaaatcaataagactgatatctactaaatgtgatttgctatact
agtagagctagtagtagcaagattaaaattcatattaagaaaaaatggaaaagaaaaacatgtttcgagaaaaatata
cagatcagagactagagtagaaaacaaatataatgtcagaagaacccaatgtgacgaacagtaacagaaacatgttac
caaatttttgaagatatatttttataaaacattacaatgttcattggacttccgttatttccggatataaaatatctt
ctttctgcgtagcaagcaattacattacattaggtatattaagaatttaaacatgtgttttgaatcattaaattaatt
agataagtaagagaagaggttgggagcctaataaaaacaaaacaaaaaggaaaaagtggataggttgccaattgtgcc
gaaaagaaagagaaagcatgaacctcgtgcgttaaataagtatcagagacatactacattttaaaaactctcacatga
gaaatcagaatccgttattattcctccatttattcatctcaaaacccatatctctctgtcttgatctctctctcactt
tctaataagatcaaagaCCATGGGAGAGCAAAAGCTCATTTCTGAAGAGGACTTGAATGGAGAACAGAAATTGATCAG
TGAGGAAGACCTCAACGGTGAGCAGAAGTTAATATCCGAGGAGGATCTTAATGGTACCCATATGTCGAAAGCTACCAT
AGAACTCGATTTCCTCGGACTTGAGAAGAAACAAACCAACAACGCTCCTAAGCCTAAGTTCCAGAAATTTCTCGATCG
CCGTCGTAGTTTCCGAGgttcgtttggtttttagtcgctctctcttttttttttcttgcgataaatcgaatttattca
tatggaactcctgcagATATTCAAGGTGCGATTTCGAAAATCGATCCGGAGATTATCAAATCGCTGTTAGCTTCCACT
GGAAACAATTCCGATTCATCGGCTAAATCTCGTTCGGTTCCGTCTACTCCGAGGGAAGATCAGCCTCAGATCCCGATT
TCTCCGGTCCACGCGTCTCTCGCCAGgtatttttgtctttccggtaaagttttttttttctttctaacttttttggcg
ctaccagaaaagacgaaaaaatttgaaattcaaattttcaaaacattcattttcctcagGTCTAGTACCGAACTCGTT
TCGGGAACTGTTCCTATGACGATTTTCTACAATGGAAGTGTTTCAGTTTTCCAAGTGTCTCGTAACAAAGCTGGTGAA
ATTATGAAGGTCGCTAATGAAGCAGCATCTAAGAAAGACGAGTCGTCGATGGAGACAGATCTTTCGGTAATTCTTCCG
ACCACTCTAAGACCAAAGCTCTTTGGCCAGAATCTAGAAGGAGgttagtataataaaaataaaaatcacttagtgctg
gattcttctagaattttagttacatattattgcatgtagagatctaagaagagtttgttgttagagaggaattggttg
ctaattagtttggaattagatatcaaagagttaaagactatagtttatgtctatacgtattaatatacgttattaata
aaagtataaacatgttgtttaatttctgataagaaactggtttatgcgtgtgtatgcagATCTTCCCATCGCAAGGAG
AAAGTCACTGCAACGTTTTCTCGAGAAGCGCAAGGAGAGgtaatgattcttcaacaatccaaggatttttacccccaa
ataattaaagaaaggtttttatttttctctctctcgaccttttttttactataagttatttaagatagtaattatggg
tcctgcctcttttactctcacatacaacttaagattcaactagttttgttcaacaacgcacatgcttatacgtagata
gataatggagatcagtagtaatatcggtatacgtaggttactattgtaatggaacttttaaaaagcgcgttgactttg
agtctttgactctagttctgtttgctacaccgacaagttatatttttcaaaatgatgagaaaacgaggagaaacaccg
gaaaaaaatttgaacttttacttttatcagaccatacggccaaagaaagatctgtatattatataagttatcacaaaa
cgcggtttcacattttctttttcgtcttgttgtgtttgcagATTAGTATCAACATCTCCTTACTATCCGACATCGGCC
TAAacgatctctttttagattgggacatggaccaaatttgtctttttcaatcggaagacatccatgttcgtttttgga
tttggcttatttccaatcttcttttgaagccttcttcgtcgttgctaaatcgtatactattcacgacaaacgttttta
ggagattacgttacctactaagattatatatattggtttgtttttaaaaatgtctattatctttattgtcattgatag
cttgatttaagaagctctctcttatcccgtgaccttctacttttgttttattttttagtatatggtaaagaaaattat
aacACGCCTCTTTTAGCTTCTCATGAAG 
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Figure	  18:	  Leaf	  chlorosis	  in	  A.	  thaliana	  plants	  of	  jaz7	  KO	  background.	  No	  significant	  difference	  between	  the	  mutant	  phenotypes.	  A	  jaz7	  counteractive	  effect	  could	  not	  be	  reproduced.	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